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This steel frame for a modern warehouse is better because all 
of its parts have been oxy-acetylene welded into a single jointless 
unit. It is light in weight, yet is strong, sturdy and rigid and can 
support heavier loads than could a frame of similar materials 
joined by any other method. 

Frames for many things—from filing cabinets to railroad cars— 
can be joined by welding. When welded, their maintenance-free 
life is limited only by the design and materials used. These advan- 
tages of oxy-acetylene welding are obtainable at no additional 
cost or time for fabrication. 

Several useful technical booklets describing the application of 
this modern metalworking process to a wide range of metals— 
steel and iron, aluminém, copper, brass and many other aneys 
and metals—are available, without obligation, from Linde offi 
in principal cities. Write to The Linde Air Produc 
Unit of Union Carbide and Carbon Corporation, 30 
Street, New York, N.Y. . 
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CHARLES W. MacGREGOR, author of The Plastic 
Flow of Metals, is an engineer whose training since his gradua- 
tion from the University of Michigan in 1929 has been as 
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publications staff of the United States Forest Products 
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PREVIEWS 





HE advisability of special issues—that is, those devoted 

solely to one subject—is rather questionable. Chief objec- 
tion to them is that they interest only a limited number of 
readers, since the subject matter is so restricted. There are, 
however, some topics which have such universal appeal that 
special issues concerning them prove quite worth-while. Such 
a subject is Aviation, which provided a popular theme for our 
special issue last year. 

Photography is an equally popular topic, we believe. Con- 
sequently, our issue next month will be devoted to that sub- 
ject. Among the articles being prepared are The Development 
of the Photographic Camera by Frank R. Fraprie, editor of 
American Photography; and The Control of Processing Positive 
Motion Picture Film by Oscar E. Cantor, ’34. Professor Ash- 
down of the Chemistry Department is preparing an article on 
Sensitizing Dyes. 


For publication later in the year an article on Lighting is 
being prepared by Dr. Matthew Luckiesh, Director of General 
Electric’s Lighting Research Laboratory at Nela Park, 
Cleveland. Dr. Luckiesh is more than well qualified to write on 
such a subject; he is the originator of radically new concepts of 
seeing, and is regarded throughout the world as one of the out- 
standing authorities on lighting. 


Along lines more social than technical, there will also be 
published later in the year an article on Federal Housing by 
Peter Grimm. Mr. Grimm is President of the firm which is 
managing a Federal Housing Project in New York City. 
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BECAUSE A KAFIR 


ULDN'T STAND THE GAFF... 


@ Man's quest for gold has led him into 
strange places... the frozen lands of the 
north, the deserts of the south, the bow- 
els of the earth. But from the land of 
Cecil Rhodes comes an amazing tale of 
muck and sweat and terrific heat... and 
man’s victory over the elements! 

The Robinson Deep Mine, Johannes- 
burg, South Africa, is the world’s deep- 
est hole—8,500 feet down! In those 
depths is gold, but with temperatures 
exceeding 100° Fahrenheit and humid- 
ities approaching 100%, production 
reached what seemed to be an impass- 
able barrier Even the natives couldn't 
stand the intolerable heat! 

What could be done to improve 
conditions, to increase the effi- 
ciency of miners, to permit deeper 
excavations for gold? The answer 
was Carrier Air Conditioning! 

Into those black depths went 
Carrier engineers and for 365 days 
tackled the problems of rock tem- 


CARRIER CORPORATION, 


AN 6COCOCCE UGCA TERA T 1° O'R OF 


perature and adiabatic compression of 
air, both of which go higher as shafts go 
lower. They studied the excessive humid- 
ity; heat from oxidation; heat from hu- 
man bodies; frictional heat from machin- 
ery; and heat from explosives. And from 
their analysis came the installation of 
a Carrier Air Conditioning system with 
a cooling effect equal to 4,000,000 
pounds of ice every 24 hours. 

Thus again had engineering triumphed 
in avictory affecting notonly production, 
efficiency and comfort, but one which 
left its impress on world economics. 

There is no limit to the scope of Car- 
rier Air Conditioning—nor to Carrier's 


“arrie 


Air Conditioning 
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further expansion and future accomplish- 
ments—except as measured by the num- 
ber and ability of the young engineers 
Carrier can bring under the training of 
the pioneers who have been through the 
35 years of the development of the art. 

In the Carrier organization, young men 
hold responsible positions—their capa- 
city gauged not by age, but by ability. 
And whether that ability is fostered best 
by laboratory research or field work in 
the far corners of the world, Carrier en- 
ables engineers to progress. Today in 
99 different countries, you will find ev- 
idence of Carrier engineers’ contribution 
to the world’s progress! 


During 1937, Carrier trained 300 
recent graduates from leading en- 
gineering schools in every section 
of the country. Carrier needs more 


men. If you hada good school re- 
cord, and are interested in the 
world’s most fascinating and fastest- 
growing industry, write us. 
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OUR COVER THIS MONTH 
A Diesel-Electric Switcher built for the Ford Motor Com 


tric Company. This locomotive is streamlined and dressed up with chrome plate and stain- 


less steel. 


—Courtesy The G. E. Monogram 





Published monthly throughout the school year, at Walker Memorial, Cambridge A, Massachusetts, by thc undergraduates of the Massachusetts Institute of Technology. Entered 


as second class matter, at the Post Office, June 1, 1920 at Boston, Mass., under the Act of March 3, 1879. 
year $1.50. Foreign $1.75. Single copies 25 cents. 








Number 7 





Courtesy: EXPLOSIVES ENGINEER 204 
- by CHARLES W. MacGREGOR 205 
- by F. J. CHAMPION ~ - - 207 
- by JACK H. SCHAUM - - 210 
- by C. A. WOODS : -° 3 
























wiht ly Lae 
re ee 


ik i ae co 
RPS ae ge 
See aS eee 
o. $9 

. 217 


pany by the General Elec- 


—Courtlesy Massachusetts Institule of Technology 


Copyright 1937 by The Tech Engineering News. Subscription per 





L 
Z, 
= 
< 
° 
— 
= 
< 
o 
~ 














The Plastic Flow of Metals 


Permanent Deformation of Metals, and the Lasting Stresses 
and Strains Produced Within Them 


C. W. MacGrecor 


HE theory of elasticity has in recent years become in- 
‘creasingly important as a basis in the design of our 
structures and machines. But it is hardly necessary to 
review here the progress that has been made in the past 
with methods of analysis based on elastic theories. However, 
with competition increasing day by day in many of our basic 
industries, engineers have found it important and necessary 
also to investigate what happens to materials when stressed 
into the plastic range above the elastic limit, that is, when 
loaded in such a manner that the material will be permanently 
deformed. This situation has been brought about not only 
from the desire to explore the possibilities of increasing work- 
ing stresses in order to produce smaller, lighter, and less ex- 
pensive designs, but also by the very nature of the new 
problems that have presented themselves and for which it has 
been found necessary to develop new methods of solution tak- 
ing into consideration the plastic flow of metals. Such funda- 
mental and practical every-day problems as the creep and re- 
laxation of metals, the processes of rolling, drawing, and ex- 
trusion, the autofrettage method for making cannon which is 
essentially the cold working of tubes under internal pressure, 
the interpretation and explanation of test results obtained 
in the testing of materials laboratory, the yielding and failure 
of metals under stress, etc., are only a few of the questions for 
which, in order to obtain a rational answer, it is necessary to 
develop and apply a theory of plasticity. As an illustration of 
this, in the steam turbine and oil refining industries, the slow 
plastic flow or creep of metal parts which are subjected to the 
combined action of stress, high temperature, and time is often 
the determining factor in design. The close tolerances to be 
held in steam turbines preclude the possibility of permitting 
any appreciable plastic flow. A close analysis of the problem 
in the light of test data on the creep of metals is therefore of 
the utmost importance in this connection. Realization of the 
need for such information has been responsible for the estab- 
lishment of creep-testing laboratories in many parts of this 
country and Europe. 
Among the first attempts to establish equations for plastic 





— All Illustrations courtesy Journal of Applied Mechanics. 


Figure 1. Double-shear test pieces of S.A.E. 1112 steel 
etched with Fry Reagent 


(Note the black regions which have been stressed plastic- 
ally. (a) Tested nearly to fracture showing severe bending 
between shearing sections; (b) front view of a specimen 
of the same material carried to a smaller load; (c) rear view 
of (b) specimen.) 
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flow may be mentioned those of St. Venant in 1870 based on 
extrusion tests of lead which were made by Tresca. Since that 
time the plastic theory has developed quite rapidly, especially 
within the last fifteen years. From its inception, however, the 
theory developed has been closely associated with, and is often 
directly dependent upon, experiment. In many cases it has 
been found necessary to supplement the analytical relations 
established with laboratory data in order to obtain a com- 
plete solution to the problem. For this reason, close associa- 
tion of laboratory work and theoretical analysis is even more 
important in plastic flow problems than for corresponding 
elastic questions. Although considerable information is al- 
ready known about the plasticity of metals, there still remains 
much more to be learned and it thus provides a fertile field for 
experiment. ‘ 

The subject of the plastic flow of metals itself is a very 
broad one and it is not possible to cover thoroughly any single 
branch of it in this article. In the following, therefore, a short 
discussion will be included of certain research problems in the 
plasticity of metals which were investigated recently at the 
Massachusetts Institute of Technology. 

When a polished flat test bar of annealed low carbon steel 
is pulled in a tensile testing machine, it behaves elastically on 
increasing load until the so-called upper yield point is reached. 
This means, of course, that upon unloading within this range 
of test, the bar will be restored to its original length. For such 
a material as described here, the proportional limit and elastic 
limit practically coincide with the upper yield point—at least 
as far as some of our most accurate strain gages will tell us. As 
soon as the upper yield point is reached, however, the load on 
the testing machine, if of the hydraulic or lever type, will drop 
to a value perhaps twenty to thirty per cent lower than that 
at the upper yield point. The bar then proceeds to yield plas- 
tically at almost constant load until deformed from about one 
to ten per cent depending on the material. The relative values 
of the upper and lower yield points which were first dis- 
covered by Bach in Germany near the turn of the last century 
depend considerably on such mechanical conditions as the 
shape of the test piece, the spring constant of the testing 
machine, the speed of deformation, and other variables. At 
the upper yield point, a condition of instability exists, and 
close observation of the polished surface shows that as soon as 
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Figure 2. Splined shaft twisted and etched for 
plastic regions, 
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this point has been passed certain lines may be detected on 
the surface of the bar. These lines have various names, being 
referred to in the literature as Lueder’s lines, flow layers, slip 
layers, stretcher strains, and so on. The latter name is familiar 
to the engineers engaged in the deep drawing industries such 
as those producing automobile bodies by deep 
drawing steel sheets. These lines are not 
merely a surface phenomenon but are the 
traces of wedge shaped plastic layers extend- 
ing over the cross-section of the bar and for 
the tensile test inclined approximately at an 
angle of 45 degrees to the bar axis. Experi- 
ment has shown that for certain polycrystal- 
line ductile metals these layers always follow 
a direction approximately 45 degrees to the 
principal stress directions in the body. Ob- 
servation of these layers thus provides the 
stress analyst with a tool to work with in 
determining the stresses at a point. 

While observation of these layers is helpful 
in an analysis of a plastic flow problem, the 
rolling mill engineer goes to considerable 
lengths to avoid obtaining the flow layers in 
the finished product. This is done by temper 
cold-rolling the sheet to small reductions in 
thickness. Such a process removes the flat 
transition region obtained in a stress-strain 
curve of this material and at the same time 
temporarily overcomes the tendency to pro- 
duce flow layers. 

These slip surfaces may be obtained by 
stressing the material in many different 
ways. The formation most familiar to the 
testing engineer is that obtained either dur- 
ing the common tensile test, as has been al- 
ready discussed, or perhaps the formation 
produced by the bending of a beam of this 
material as shown in Fig. 1. This figure shows 





Figure 4. (a) Shaft with two shallow rectangular 
keyways twisted and then etched by the Fry 
Method. (b) Dimension sketch. 


a sin Vv 
x = ee 
cosh u — cos v 
a sinh u 
y = 


cosh u — cos Vv 


where a is the radius of the cylinder, x and y are the coordi- 
nates of a point on the flow layer referred to the center of the 
cylinder as origin with u and v related by 


v=tutb 


where b is an arbitrary constant. A variety of other problems 
could be mentioned and photographs shown of the flow forma- 
tions obtained on the polished surface of the metal. 

It is, however, sometimes of more interest and importance 
to determine the mechanism of yielding within a bar of the 
material after plastic flow has started instead of watching its 


formation on the surface. For many cases of 


plastic yielding it is often not easy to detect 


any disturbance similar to the generation of 


flow layers on the surface even though it is 
known that considerable plastic deformation 
has taken place. For example, if a mild steel 
bar is twisted plastically, it may not be pos- 
sible to detect readily any demarkation on 
the surface between regions which have been 
stressed elastically from those plastically de- 
formed. In order to investigate such cases, 
use is made of a very convenient etching 
solution known as the Fry etching reagent. 
This solution, which is of the following com- 
position, 


Conc. HC] — 120 ce. 
H.0 — 100 ce. 
Cupric Chloride — 90 g. 


has the useful property that it will render 
black only those regions of the bar which 
have been deformed permanently, at the 
same time attacking the elastically stressed 
portions very slightly. After polishing the en- 
tire section of the material on emery paper, 
the slight darkening of the surface in the 
elastic regions is removed, leaving the flow 
layers in contrast on the polished back- 
ground. It was found sometime ago by W. 
Koster in Germany, and by the author at a 
later date, that success in using the etching 
procedure depends in a large measure on the 





= pee ti (in black) rata yt when a Figure 3. -Bouble- and proper selection of oe it — of 
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yar Of rectangular cross-section is bent as a four-lipped driil torsion- primary importance that the material con 


beam by a concentrated load applied at the 
center, the beam being freely supported at 
the ends. The boundary of the plastic 
regions can be readily calculated from plastic 
theory and can be shown to be made up of two parabolas. 

A more complicated problem is the determination of the flow 
layers for the case representing the yield formation received by 
compressing a cylinder .vertically at two points on the cir- 
cumference diametrically opposite. This represents the type of 
yielding which might be received when roller bearings are 
loaded too severely. The equation for these flow layers may be 
obtained in a simple manner analytically and is as follows: 


Figure 5. Double-fluted drill section twisted and etched, 


206 


test pieces before twisting. 


tain the correct amount of nitrogen gas. It 

was found that a mild steel with a nitrogen 

content of approximately 0.01 percent gave 

the most satisfactory results. Apparently the 
(Continued on page 226) 
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The Forest Products Laboratory 


A Government Research Unit Servicing a Basic Raw Material 





F. W. CHAMPION 


HE Forest Products Laboratory at Madison, Wiscon- 
sin, is a part of the research organization of the Forest 
Service in the U. 8S. Department of Agriculture. In 
* looking forward to a reasonable balance between the 
utilization and the growth of American forests, the Forest 
Service, early in its history, recognized the widespread need of 
better and more efficient practice in the use of wood, based 
fundamentally on better knowledge of its substance and 
properties. In the effort to establish a forest research institu- 
tion in the early 1900’s, the various universities, recognized as 
hereditary strongholds of research, were canvassed, and the 
University of Wisconsin offered the needed help. In 1910, the 
University provided the original laboratory building, and has 
participated in the maintenance of the Forest Products 
Laboratory from that time. Substantial evidence of the 
University’s sustained interest in the Laboratory is found in 
the ten-acre plot donated as a site for the new Laboratory 
building, which was completed with Government funds in 
1932. 

The original Laboratory staff numbered 45, a number that 
was swelled by normal development and by the press of war- 
time problems to 450. The present organization calls for a 
complement of slightly over 200 regularly employed technical 
and non-technical workers, but the actual number on the rolls 
has dropped to 180 at present, because of depression-curtailed 
appropriations. 


The business of the Forest Products Laboratory is to do an 
appropriate part in protecting and enhancing the value and 
marketability of forest products. To this end, methods are de- 
veloped to reduce wastes and to lower costs in logging and in 
the manufacture and utilization of forest products; for in- 
creasing the serviceability and satisfaction of forest products 
to the user; and to create new and useful products from wood. 
The Laboratory’s efforts in these respects are prompted by a 
sense of obligation to the consumer of wood; to the owner of 
timber holdings; to the farmer, who is at once a large user of 
wood and an important proprietor of timber holdings; to 
laborers and craftsmen, who are dependent on stable employ- 
ment in wood processing and fabricating communities; and 
to those various public agencies, county, state, and federal, 
which hold timber lands and look to them for vital tax 
revenues. , 

In the field of timber harvesting and conversion, the Forest 
Products Laboratory has found that scientific accounting of 
costs and values serves the same ends as conservation based 
on sentiment. Laboratory field crews have demonstrated on 
many lumbering operations, in widely separated regions, that 
the cutting of young and undersized trees ranging from 10 to 
16 inches in diameter is destructive not only of future forest 
values but actually of present profits, since the small trees do 
not yield enough high-quality lumber to repay costs of han- 
dling and manufacture. By selective cutting—that is, by tak- 


Aerial view of the U. S. Forest Products Laboratories. 
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Courlesy U. S. Department of Agriculture. 





















































Courtesy Scientific American. 


Prefabricated glued window units 


ing only trees larger than the indicated minimum and leaving 
smaller trees to grow—not only is better lumber produced, 
but a basis is maintained for profitable timber crops in the 
future. The findings are beginning to find wide application in 
the practice of both large and small operators, and have re- 
sulted in increasing the prospects of restocking and reseeding 
stands. Thus, the economic benefits arising from sustained 
forest productivity have been increased. 

Research projects to reduce the percentage of waste in 
harvesting the forest crop approach the problem from several 
directions—the use of less destructive machinery, the conver- 
sion of woods and mill waste into useful products, and the 
profitable alteration of the form of the products. 

Methods for producing high-quality dimension stock, in- 
cluding sawing, seasoning, and bundling, is under investiga- 
tion. The use of dimension stock, cut to sizes for use in such 
industries as those engaged in making furniture, sash-and- 
doors, and refrigerators, makes possible the salvaging of a 
large volume of clear material from slabs, edgings, and defec- 
tive lumber. The saving in freight charges on such waste 
stock and the reduced amount of cutting required in the fac- 


tory have proved to be important factors in the reduction of 


costs to the user. 


Right:—Cell structure of white oak. 


Left:—Cell structure of red oak. Upper half shows 
summer wood with its small pores. 


Courtesy Scientific American. 
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With the cutting of the larger stands of virgin timber, the 
small sawmill is becoming increasingly important. The Forest 
Products Laboratory is carrying on extensive activities to aid 
the small mill operators to keep abreast of best mill practice 
on such fundamental matters as proper sawing, grading, sea- 
soning, and cost accounting. The Laboratory has also de- 
signed a small portable sawmill, which is planned to give 
greater facility of movement from stand to stand, with accur- 
ate and economical operation. As the stands of hardwoods in 
the North are being depleted, the market is being supplied to 
an increasing extent with the same or similar species from the 
South. The Forest Products Laboratory is determining the 
working qualities of these woods to adapt them efficiently to 
specific requirements, and to obviate prejudice that might be 
without foundation in actual properties. 

In regard to structural uses of wood, the Laboratory is en- 
gaged in a number of projects calculated to help adapt wood to 
modern usage. In addition to studies of the holding power of 
nails, screws, and spikes driven into various kinds of wood and 
at different angles to the grain, the Laboratory has helped to 
open a new field of engineering construction by the investiga- 
tion of modern plate and ring connectors that act as dowels or 
keys in wood framing. By means of these connectors, new 
types of large timber structures are coming into use through- 
out the country. These structures include long-span highway 
bridges, radio and fire lookout towers, oil-field equipment, 
and buildings for public use. Many hundred millions of feet of 
structural wood have found outlets, otherwise unavailable, 
thréugh the use of these fastenings. With ordinary bolted 
timber construction, it is impractical to use wood, with its 
non-magnetic properties, in radio towers more than about one 
hundred feet in height. With the new connectors, however, 
the tower of station WRVA at Richmond attains a height of 
326 feet. 

The modern era of wood construction looks forward to new 
forms, new methods, and new standards of service, while 
changes in the forest stand necessitate more efficient use of 
material from smaller trees. These conditions account for the 
Laboratory's investigations of laminated and plywood con- 
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Cell structures of mahogony. 


struction. In the field of laminated construction, the Forest 
Products Laboratory has successfully investigated the effi- 


ciency of laminated columns, beams, and arches in terms of 
similar solid members. They have also studied the effect of 
various methods of splicing, gluing, and nailing, and the use of 


low-grade material in appropriate portions of the members. 
By means of careful tests of full-scale arches, and by the erec- 
tion and testing of a service building on the Laboratory 
grounds, the Laboratory has helped in the pioneering of the 
shop fabrication of wooden arches suitable for supporting the 
large spans called for by auditoriums and gymnasiums. 
Scores of such buildings have been constructed in the Middle 
West within the last two years. 

The provision of easily-erected, economical, and comfortable 
homes for families of small means is one of the most urgent 
needs of our economic era, and the development of more 
efficient uses of wood for this purpose presents many possi- 
bilities for research. An intensive study of prefabricated hous- 
ing is in progress, centered around structural problems, and 
extending into related fields of investigation, which include 
seasoning, moisture control, painting, and fire resistance. A 
complete house of plywood panels has been demonstrated, 
and additional test houses are being erected. Structural sys- 
tems and accessory features are being developed for house 
prefabrication with lumber as well as sheet materials, with a 
view to speed of erection, durability, and comfort at minimum 
cost to the owner. 

The specialized structural studies of the Forest Products 
Laboratory have as a background an extensive examination 
of the fundamental strength properties of wood—its strength 
in tension, bending, compression, and shear; its toughness, 
rigidity, and other factors that determine its resistance to all 
kinds of stresses. To supply dependable data, it was first 
necessary to devise mechanical and statistical methods for 
evaluating strength properties, and then to proceed with a 
long and laborious testing program. The result has been to 
place wood on a technicai footing with other modern engineer- 
ing materials. Comprehensive tests have been made on more 
than 160 wood species, including all the more important woods 
produced for specialized, as well as for the commoner, uses. 

The proper removal of the moisture that characterizes it as 
a living substance is essential to the satisfactory use of wood, 
and an understanding of the physical properties associated 
with its hygroscopicity is necessary. The Laboratory has 
worked out effective kiln-drying and air-seasoning schedules 
for the commoner woods, including a number of refractory- 
drying species. The steeping of wood in salt solutions as a 
preliminary to kiln drying shows promise, not only for drying 
certain difficult species, but also as a means of controlling, 
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Cell structures of gum. 



















































Courtesy Scientific American. 


Cell structures of birch. 


checking, and speeding the drying of structural material. 

The investigation of moisture accumulation and heat trans- 
fer in exterior walls of buildings is not only a necessary part 
of the intelligent solution of all-wood prefabrication systems, 
but it also is demanded by problems arising from modern air 
humidifying practices applied to both old- and new-type 
buildings. Tests of full-scale walls at the Laboratory give 
preliminary indications that the condensation of moisture in 
conventional-type, or plywood-sheathed walls can be con- 
trolled by the use of moisture barriers, in the form of properly 
located moisture-resistant building papers. 

Surface, or impregnation, treatments of wood to protect it, 
or to increase its service value, are a common necessity, and 
have been practiced, in one form or another, from earliest 
times. With the increasing volume and diversity of wood uses 
in the modern era, the Forest Products Laboratory has felt an 
increasing obligation to develop means to modify the proper- 
ties of wood with respect to resistance to decay and the attack 
of insects, resistance to fire, and harmful shrinking and 
swelling. 

(Continued on page 222 
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Man of Metals 
Professor Waterhouse Elected President of A.S.M. 


Jack H. ScHAUM 


ROFESSOR George Booker Waterhouse, in his elec- 

tion to the Presidency of the American Society for 

Metals for the year 1937-38, has received the highest 

honor it is possible to bestow upon a man of metals. 
This attainment is representative of the many accomplish- 
ments of this well-known Professor of the Massachusetts In- 
stitute of Technology. 

If you were to step into Room 8-309 at the Institute, you 
would be confronted by a dignified gentleman of medium 
build, who looks the part of a metallurgist even to his steel 
grey hair. As soon as you are introduced to Professor Water- 
house you will be immediately aware of his exact but pleasant 
manner of speech. You would never suspect that this man, in 
his middle fifties, is a top-notch squash player, and until quite 
recently was a member of the Faculty-Graduate Squash Team. 
He has been abroad a number of times and sincerely enjoys 
travel. He speaks French fluently and manages to get along 
with his German. 

Born in 1883 at Sheffield, the very crucible of the English 
steel industry, George Waterhouse lived continuously in the 
atmosphere of the steel mills. It is not surprising, therefore, 
that when the time came to enter college in 1898 he chose to 
study Metallurgy at the University of Sheffield. After receiv- 
ing the degree of Bachelor of Metallurgy in 1901, Mr. Water- 
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house pursued his studies for two more years at the same 
school, until in 1903 he came to the United States as the 
recipient of one of the coveted “1851 Exhibition Scholar- 
ships.’’ He decided to study nickel steels under the famed 
metallurgists Howe and Stoughton at Columbia. The first 
summer's vacation found Mr. Waterhouse at work for $60 a 
month at the Lackawanna Steel Corporation near Buffalo. 
He was so deeply engrossed in his work that he asked permis- 
sion to sleep in one of the offices at the mill, so that day and 
night found him there. He returned to Columbia, but the com- 
pany had evidently been greatly impressed by his efforts, be- 
cause they prevailed on Dr. Howe to release him from at- 
tendance at school in January of 1905, and he returned to the 
plant to serve as metallographist. Mr. Waterhouse accepted 
this position with the stipulation that he be allowed to return 
to Columbia for the month of May to take his examinations 
and complete his thesis. Accordingly, he received the degree 
of Ph.D. in June of that year. 

Doctor Waterhouse returned to the plant as metallograph- 
ist—*a one man department—and with the aid of one battered 
microscope soon justified the expansion of his department, 
until in 1922 he had 200 men working under him. His title 
when he left the company was that of “Metallurgical and In- 
specting Engineer.’’ He had the wonderful opportunity, so 

often denied young metallurgists today, of being able to 
learn all the ramifications of the plant work. Since he 
was given the “free run” of the mill, he worked at the 
coke ovens, rolling mills, and blast furnaces when not 
in his laboratory. Doctor Waterhouse soon gained the 
nickname of “Doc,” and from the very beginning when 
he was called upon to find the trouble with a casting 
that had failed—which he did—the byword became 
‘Doe can fix it.’ It was here that he achieved the de- 
velopment and perfection of the famed duplex steel 
process. His position as Chief Metallurgist required 
many visits to different steel mills and allowed him the 
opportunity to make the countless friends he knows to- 
day. Dr. Waterhouse is probably more widely known 
than any other man in the steel industry. 

In 1922 Dr. Waterhouse accepted the invitation to 
become Professor of Metallurgy at the Massachusetts 
Institute of Technology, where he presided over the 
Metallurgical Branch of the Mining and Metallurgical 
Course. His fifteen years at the Institute have been 
marked by a keen interest in the men who study under 
him. His figure is a familiar sight out on the track, 
where he assists the track coach as a time keeper and 
judge. He is a member of the Sigma Xi honorary scien- 
tific fraternity, and was influential in establishing a 
chapter at the Institute. 

As a consulting metallurgical engineer, Professor 
Waterhouse’s fame is universal. His qualifications are 
such that today he is a member of the Advisory Com- 
mittee of the Bureau of Mines, and Chairman of the 
Advisory Committee of the National Bureau of Stand- 
ards, division of metals. He is a director and member of 
the executive committee of the A.I.M.E., member of the 
British and American Iron and Steel Institute, and 
many other metallurgical societies. 

Professor Waterhouse leads a full life, closely in con- 
tact with Industry, and thus passes on to his students 
and associates the benefits of his many years of success- 
ful work. 
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Shopping by Mail 





Schedule Efficiency in Mail Order Transactions 


C. A. Woops 


AIL order people are inclined to speak with pride of 
the efficiency which their system of distribution has 
developed. They refer easily to their “straight line 
methods” and “production lines,’’and actually seem 

convinced that they have made a real contribution to modern 
industrial efficiency. “After all,’’ you may think, “to speak of 
‘engineering’ in connection with a simple retail transaction 
seems to be laying it on a bit thick. A farmer needs a set of 
harness for his horse and a pair of socks for himself. He writes 
a letter to Sears, and that’s that. It’s really very simple.” 

It was simple back in the early °90’s; that is, relatively 
simple. To be sure, Richard W. Sears had started out in a 
modest way in 1886, but only eleven years later Sears, Roe- 
buck and Co. sold 19,000 sewing machines during the month 
of November. During the following year, 1898, a special sale 
on men’s clothing resulted in such a volume of business that a 
night force had to be employed to keep up with the crush of 
orders. In 1905, for instance, over three-quarters of a million 
doll.zs worth of pianos and organs were sold by the mail order 
firm. These are isolated instances, of course, but Sears’ yearly 
gross number of transactions covering all the articles of mer- 
chandise listed in its catalogs was enormous, and the physical 
task of moving such a volume of merchandise was anything 
but simple. 

The congestion experienced by the company shortly after 
the turn of the century was almost intolerable. After several 
removals, each time to larger quarters, the firm settled down 
in 1901 in a new building near Chicago’s Loop. But within a 
few months the same difficulty was again experienced to a 
greater degree. The flood of business overflowed the banks 
which should have confined it. A vacant building in the 
neighborhood was leased to take care of the overflow, a story 
here, another building there, until a map finally had to be pro- 
vided so that employees could find where different depart- 
ments of their own company were located. No “straight-line” 
methods here; no place for time and motion studies. 

A great new building was built on Chicago’s West Side. It 
was ready for occupaney in 1906. Although its acres of ware- 
housing space would certainly relieve congestion for a time, 
in the light of experience it was apparent that the new build- 
ing, however big, could, in itself, offer no permanent solution 
to the problem. 

A method had to be devised—a method of filling customers’ 
orders quickly, accurately, economically, and efficiently. It 
was felt that a time system offered the only real solution, and 
the men who undertook the task had no precedent to follow. 
At that time American industry wasn’t yet geared tomass pro- 
duction, and the Sears men who tackled the problem were 
starting from scratch. However, it is a matter of interest that 
when one of the largest automobile factories in the world was 
later confronted with a production problem similar to that 
faced by Sears at this time, they sent their engineers to Chicago 
to make a thorough study of the system which had been de- 
vised and set up by Sears men. 

The situation described here will appeal to the imagination 
of Technology students. In its major outlines, it represents the 
essential drama of American business. The vexing problem re- 
sulted from the public’s over-whelming endorsement of a new 
and satisfactory way of distributing goods to the ultimate con- 
sumer. The solution was finally arrived at by a group of minds 
working harmoniously in unexplored territory. 
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The answer was found in the mail order “‘schedule.”” No one 
man can claim entire credit for its introduction, although it is 
significant that the one who made the greatest contribution is 
now Vice-President of Sears, Roebuck and Co. in charge of 
operations. Under the “schedule,” all the articles making up 
an order which involves two or more merchandise departments 
are assembled in one basket in a distant part of a large plant 
and are packed. The package is then weighed, stamped, and 
delivered to the United States Post Office in about two hours. 
The time stamp applied to each such order indicates the time 
by which it should be filled and assigns the specific floor sec- 
tion and basket in the shipping room in which each portion 
of the order will be assembled for packing. 

The graph below charts the progress of a mail order from 
the time it leaves the customer’s hands until the goods are 
delivered by the U. S. Post Office rural carrier. In order to 
get a clear picture of the operation of the “‘schedule,” sup- 
pose we follow a typical mail order through the Boston plant. 
Better still, let’s follow the order from its point of origin 
the farmer’s home. 

It’s a sultry Monday afternoon in late July. Henry Smith, 
who operates a farm in lower New Hampshire, is mowing the 
season’s crop of hay. He is intently watching a threatening 
raincloud, and while his attention is distracted, the far end of 
his mowing machine hooks a fence post. The mower swerves 
violently, and the team pole, or tongue, breaks under the 
strain. Henry jumps off his seat and begins to cuss when the 
full extent of the damage is revealed to him. But there’s no 
help for it, so he turns his team toward the barn. As soon as 
he has unhitched, he goes to the house, looks up the number 
of the replacement in his Sears catalog, and slowly writes out 
the order on a form provided for the purpose. 

Mrs. Smith, who is in real need of a new dress, and who is 
handy with a needle, turns to the dress goods section and 
orders four yards of printed crepe. Their son Tom, who is 
almost falling out of his overalls, has to have a new pair right 
away if he isn’t to disgrace himself before the entire neighbor- 
hood, and Linda can’t always go to Sunday School in a pair 
of badly scuffed shoes. So the overalls and shoes are added to 
the order, and as an afterthought, a potato masher to replace 
the one that broke yesterday is included. The order is quickly 
completed, and Tom is sent off post-haste so that the letter 
won't miss the early evening train to Boston. 

The Smith’s order is delivered to Sears’ Boston mail order 
plant Tuesday morning. As a matter of fact, 562 pounds of 
first-class mail were delivered before 7:00 a.m. Practiced 
hands quickly separate what is obviously customers’ mail 
from invoices and other mail from commercial houses, leaving 
only 465 pounds of customers’ mail. With this information, 
and drawing upon many years of experience in the mail order 
business, it is possible to estimate fairly accurately how much 
more mail will come in before nightfall. 

It is no idle curiosity which makes us want to know in ad- 
vance of actual delivery how much customers’ mail will arrive 
in the course of the day. If we are to plan our work efficiently, 
it is necessary to know in advance, and with reasonable 
accuracy, how many orders the various merchandise depart- 
ments will be called upon to handle. Mail order companies 
have this advantage over other retail and department stores: 
the number of orders (which correspond to the department 
store’s customers) can be controlled at any time of the day, 
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thus eliminating the rush hours and slack periods experienced 
by retail stores. 

The corresponding day of the previous week — in this case 
Tuesday — will give us a lead in estimating the amount of 
mail which will come in, but cannot be relied upon to furnish 
the complete answer because, let us say, several hundred 
thousand small catalogs have been circulated, in the mean- 
time, by Sears’ Boston mail order branch. Consideration must 
be given not only to such mailings, but to seasonal trends and 
various other influencing factors, such as the weather. We 
finally decide that today we can reasonably expect to receive 
930 pounds of mail. 

It is possible to estimate not only the number of pounds of 
mail which will be received, but the number of orders con- 
tained in this mail, and the average amount of money enclosed 
with the orders. Many years of experience help us to estimate 
with amazing accuracy the number of orders per pound of 
mail, which we call “quality.”’ and the average amount of 
cash enclosed in the orders. Sometimes, but not often, our 
estimate comes within one or two of the actual number of 
orders, and very occasionally the estimate hits the day’s 
receipts on the head. If the estimate is farther from the actual 
number by more than a few hundred, or if we miss the cash 
by more than one or two cents per order, the individual mak- 
ing the estimate would feel called upon to offer some explana- 
tion for the discrepancy between the estimate and the actual. 

In estimating the “quality,” or the number of orders per 
pound of mail, such things as the living habits of our customers 
are necessarily considered. We know that Sears’ customers are 
in the habit of leafing leisurely through the Sears’ catalog over 
the week-end. Therefore, the orders which we receive on 
Tuesday are bigger than those which we receive on Friday or 
Saturday, and naturally contain more money. Past records 
and these other factors indicate that we may reasonably 
expect on this Tuesday to find 41.5 orders per pound of mail, 
and that the orders will average $6.56. 

While all this figuring has been going on, the orders received 
in the first morning mail are on their way. The envelopes are 
opened by a modern slicing machine, the amount of cash en- 
closed in each envelope has been recorded on the order blank 
or letter paper used by the customer, and the 
order has definitely taken its place in the rou- 
tine. To insure its keeping place in line, a num- 
ber of precautions are taken. When the order 
starts on its way a wrapper is attached which 
serves as a physical protection. These wrappers 
are printed in six different colors, each repre- 
senting one day of the week, so that Tuesday's 
order takes precedence over Wednesday’s order. 
A distinctive color is also reserved for mail going 
out on trains to towns reached but once a day 
by the railroads serving them. As a rule, far- 
away communities are served by late afternoon 
or early evening trains, and orders intended for 
these points are also given precedence in our 


routine. [ 
By this time we have already opened Henry [ 
Smith’s order, detached the money enclosed in 3 
the envelope, imprinted the amount on the \ soatine | 


order blank which he used, and attached the 
wrapper. Smith’s order, which, as you will re- 
member, included team pole, dress goods, over- 
alls, shoes, and potato’ masher, involves five 
different order filling departments. Therefore, 
his order, which we know as ‘“‘mixed’’, isdiverted 
at this point to the entry deprtment, where 


This chart shows the.routing of an order 
through one of Sears Roebuck’s 
mail order houses, 
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typists draw up on five separate sheets the orders for mer- 
chandise from each of the five departments. Had he ordered 
only one article of merchandise, his order would have been 
sent in another direction; had it been accompanied by corre- 
spondence, request for a catalog, payment to be applied on 
open installment accounts, it would have gone in still another 
direction. 

When the five sheets for the five different articles making up 
Smith’s order have been completed, they are attached to the 
order, which is then sent to the Pricing Division. In this de- 
partment a chart listing every item in all of our current mail 
order catalogs stands before each girl. The order is checked 
against the chart for accuracy of price, accuracy of catalog 
number, and general completeness of information. If Mrs. 
Smith had forgotten to state the size of the shoes which she 
ordered for Linda, the order would be so marked out that 
another employee much farther along the line would write 
her for the necessary information. Pricers also add other 
information to the order. For instance, the mowing machine 
team pole is a part of the typical order sent in by the Henry 
Smiths. Now, such an article is certainly not mailable, and if 
it were first sent from our factory to the Boston plant and then 
re-sent to Henry Smith, he would be caused avoidable trans- 
portation expenses. This part of Smith’s order is marked out 
so that the team pole is sent direct to him from the factory. 

The order again finds itself on its way to our Index Depart- 
ment, where are kept the business records of hundreds of 
thousands of customers. Some families have dealt with Sears 
sinée its early days. The Index, which holds an unbroken 
record of transactions for some families, is limited to accounts 
which are strictly “‘live.’’ Once a card is considered inactive, it 
is culled. The Index constitutes the company’s mailing list. 
Contrary to general belief, catalogs are mailed only when the 
customer’s business record justifies our sending him one. 

In addition to listing the amount of Smith’s most recent 
order against his complete business record with us, the Index 
also makes a shipping label for the package which will be sent 
him. His postal zone number is indicated on the label at this 
time, so that the necessity of zoning bulky packages at the 
time postage is applied is eliminated. 
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Smith’s order is “prebilled,”’ which serves the double pur- 

pose of making sure of sending him all the articles as ordered, 
and guarding against sending more than he has ordered and 
paid for. “‘Prebilling’ consists of totalling the amount of 
merchandise ordered and making a comparison with the 
amount of money remitted. Discrepancies are caused when 
the customer either sends too much money or fails to send 
enough to cover the retail price of the merchandise and the 
transportation charges. Customers frequently—and inten- 
tionally—send us too much money. For instance, Mrs. Smith 
enclosed as payment for the Sears order her husband’s 
monthly “‘cream”’ check, which was his payment for milk and 
cream from the wholesaler to whom he sells. Sending such a 
check to Sears is often the farmer’s most convenient way of 
cashing it, for the balance is, of course, returned to him. 

From information contained in the catalog, mail order 
customers themselves compute the necessary transportation 
charges. If they do not send enough money, we enclose a 
statement (known at Sears as U.O.US.). We never ask the 
customer to send us less than five cents, but occasionally we 
get letters of thanks because we have intentionally failed to 
remind the customer that he owes us some such trifling 
amount. On the other hand, any overpayment to Sears, even 
down to one cent, is returned to him in the package. Our 
adjustment policy on returned or unsatisfactory merchandise 
is reputedly liberal—in fact, so much so that we frequently 
receive “conscience” payments. Once a customer from 
Arkansas came all the way to Chicago to pay us a sum which 
his conscience told him he owed us. 

Occasionally customers who do not have catalogs at hand, 
and who therefore cannot know the price of the merchandise 
they have ordered, enclose blank checks to be filled out by us 
for the amount involved in the transaction. The Boston plant 
receives twelve or fifteen such checks each day. Another 
manifestation of customers’ implicit faith in Sears are requests 
from a prospective bridgegroom to outfit completely the house 
he and his new wife will move in to, or from brides for a com- 
plete trousseau. In such orders they do not stipulate the exact 
merchandise which they want, but ask us to make the selec- 
tion in accordance with our best judgment, and sometimes 
enclose blank, signed checks in payment. Occasionally we 
receive checks made out of ordinary wrapping paper. Drawn 
upon the customer’s bank, made payable to Sears, Roebuck 
and Co., and duly dated and signed; these checks are, of 
course, negotiable. 

Let us get back to our story. Smith’s order is now almost 
ready to be dispatched to the merchandise departments where 
the articles which have been ordered will be filled. The re- 
copied sheets, which have been drawn from his original order 
for each of the five merchandise departments involved, are 
detached, and each is imprinted with what we call a‘‘schedule”’ 
by an automatic machine. The employee who operates that 
machine treats, in this manner, a previously determined num- 
ber of orders for each ten-minute period of the working day. 
This permits the uninterrupted flow of business previously 
referred to, which is the same at eight o’clock in the morning 
as at any other hour of the day. The “schedule” looks like this: 

35 9 

618 950 The numeral “2” is used for a primary sorting, 
and designates that part of the shipping room in which 
Smith’s order will ultimately be packed. 

The shipping room is built to accommodate a_pre-de- 
termined maximum number of orders to be handled within 
each ten-minute period, and each packer will take care of 
orders coming to his section. The section to which Smith’s 
order is directed is number 35, as can be seen by a glance at 
the schedule above, and the basket for his order number 
within the section is number 618. All of the bills for Smith’s 
order are given the same section and basket number, and the 
order filling departments will send the Smith’s dress goods, 
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overalls, shoes, and potato masher down to the shipping room 
to the appointed basket at the designated time of 9:50 on the 
morning of November 9. The team pole, which is shipped by 
express, also goes through our routine on the schedule prin- 
ciple, although more time and space are necessary for the 
handling of heavy merchandise. 

When the employee operating the scheduling machine has 
completed her run for the ten-minute period starting at 9:50, 
the recopied sheets are sorted for dispatch to the various order 
filling departments. (Smith’s original order, together with its 
protective wrapper, and with an impression of the “‘schedule,”’ 
is sent to the shipping room to await the merchandise.) The 
sorted sheets make it easy to list the sales, not only by each 
department, but also by the catalog from which the mer- 
chandise was selected by the customer. For example: Mrs. 
Smith ordered printed crepe dress goods, and on the order 
wrote down the catalog number 14F8166. The “14” designates 
the merchandise department which buys yard goods. The 
letter ‘“F’’ identifies the catalog from which the dress goods 
were selected, and “8166” is the numerical identification of 
this merchandise in its own department. The tabulation made 
at this time not only reports the daily sales by order filling 
departments, but helps in controlling inventory. The sheets 
from Smith’s order, together with all the others which are 
scheduled for the 9:50 period, are dispatched by pneumatic 
tube to the order filling departments. 

There they are now sorted numerically and given to order 
pickers who move along the stock aisles with sheafs of orders 
in their hands. The order picker, stooping now to the bottom 
shelf, and now stretching to the top shelf, selects the mer- 
chandise as called for by the sheets. Some years ago someone 
had the bright idea of equipping the order pickers with roller 
skates. The innovation did not survive one full day. Ap- 
parently more time was lost in patching up bruises than was 
saved in whizzing up and down the stock aisles. The mer- 
chandise which has just been taken from the shelves is now 
checked by another employee against the recopied sheets for 
accuracy. 

Throughout this account you have probably noticed a 
tendency toward specialization. Almost every individual who 
handles a mail order is expert in some particular activity. 
Each operation is comparatively simple in itself, because the 
duties of an employee would become too complex if they 
covered only a few of all the necessary handlings to which 
each order is subjected. Various reasons urged the specializa- 
tion of activities, not the least of which was the necessity of 
taking care efficiently of a rapidly growing business. 

It has been found, however, that too great a degree of 
specialization is sometimes costly. An illustration of this is to 
be seen in the description of the filling of an order in the sec- 
ond preceding paragraph. The merchandise was picked by an 
order picker, was checked for accuracy against the recopied 
sheet by another worker, and was wrapped and dispatched on 
a conveyor by still another. These duties are now being per- 
formed in certain departments by one individual who accepts 
the responsibility of all three functions. It is found that a 
better quality of work at the cost of less effort results from 
this method. In other words, acceptance of responsibility 
actually results in fewer errors. Employees who are assigned 
to this work agree that their jobs are more interesting because 
they are able to combine a mental with a physical operation. 
No loss of time, fewer errors, and happier employees is a 
combination which will interest industrial engineers at Massa- 
chusetts Institute of Technology or anywhere else. 

Mrs. Smith’s dress goods, for instance, have been picked 
from the shelf stock in the order filling department 14. They 
are now loosely wrapped for protective purposes and placed 
on a conveyor which takes them to a spiral chute where, car- 
ried by gravity, they slip down to the shipping room in com- 
(Continued on page 223) 


213 












































































THE TECH 
ENGINEERING 
NEWS 


THE MANAGING BOARD 


Harry O. SAuNDERS, ’38 
General Manager 


Rosert L. Jounson, *38 


Business Manager 


Rospert V. Smiru, ’39 


James B. Hess, ’38 
Editor-in-Chief 


Josepu J. Donovan, ’39 
Managing Editor Advertising Manager 


Wit B. Jamison, ’39 Pau B. M. Farwe tt, ’39 
Associate Editor Treasurer 
SAMUEL E. Hurtcuins, ’39 


Publicity Manager 


Monarcu L. Cutter, *39 
Associate Editor 


Editorial Department 


InvinG PEsKOoE, ’39 
Contributing Editor 


R. Drxon Spsas, ’39 
Contributing Editor 


Joun G. Lescuen, *40 


Assistant Managing Editor 


LesTER LEEs, '40 
Assistant Editor 


Jack H. Scuaum, °40 
Assistant Editor 
EuGEneE S. West, ’40 


Assistant Editor 


James S. Rumsey, ’40 
Assistant Managing Editor 


NorMAN L. LASCHEVER, 40 
Assistant Managing Editor 

EUGENE E. Crawrorp, ’41 

Assistant Art Editor 


Business Department 


Rosert S. Larrp, ’39 
Associale Advertising Manager 


James L. Batirp, 40 Harry N. Corrie, 40 


Assistant Circulation Manager Assistant Circulation Manager 


Gorpbon A. Farrpatrn, *40 


Assistant Treasurer 


James G. MaGeeg, *40 


Assistant Treasurer 


SAMUEL P. Carp, ’40 
Assistant Advertising Manager 


Outver H. Furron, °40 


Assistant Publicity Manager 


THE ENGINEERING COLLEGE MAGAZINES 
ASSOCIATED 


Chairman, Proressor RicHarp W. BECKMAN 
Iowa State College, Ames, Iowa 


Nebraska Blue Print 
New York University Quadrangle 
North Dakota State Engineer 
Ohio State Engineer 
Oregon State Technical Record 
Pennsylvania Triangle 
Purdue Engineer 
Rose Technic 
The Tech Engineering News 
Villanova Engineer 
_ Washington State Engineer 
Wisconsin Engineer 


Arkansas Engineer 
Colorado Engineer 
Cornell Engineer 
Illinois Technograph 
Iowa Engineer 

Iowa Transit 

Kansas Engineer 
Kansas State Engineer 
Marquette Engineer 
Michigan Technic 
Minnesota Techno-Log 


214 








EDITORIALS 


OPEN HOUSE 


HIRTY thousand people will form their impressions of 

Technology at the Fourteenth Open House, Saturday, 
April 30, 1938. On that occasion it is important for each and 
every one of us to make sure that our guests’ impressions are 
favorable, and above all that they are accurate. 

An undertaking such as Open House is obviously one of our 
larger activities, or it may well be the largest, for its success 
depends not on the efforts of a small staff, but on the co-opera- 
tion of all the 2700 who make up our student body. 

Complete student management and control are found 
throughout the preparations for Open House, a feature that 
emphasizes our responsibility. A separate Open House Com- 
mittee was established this year, to which were delegated all 
the associated problems of Open House—publicity in its 
various forms, plans for taking care of our guests and directing 
the large crowd through the Institute, arrangement of dis- 
plays and assignment of suitable locations, as well as prepara- 
tion and conduct of exhibits. How well they can be met de- 
pends on each member of the entire student body, for upon 
him rests both the final action and the final credit. 

All of these preparations are designed to create in each de- 
partment at the Institute a picture of what is significant in 
that particular department. Fusing all these pictures together 
into a representation of Technology itself will be the central 
theme of Open House, showing why these various factors are 
significant as a part of the Institute’s broad function. 

Technology has as its basic purpose the benefiting of man- 
kind and improvement of society through the advancement of 
arts and sciences, and Open House is the opportunity to ex- 
plain just how this aim is achieved. Therefore, each individual 
display and exhibit is to be designed to illustrate not only 
what is important to science and engineering, but how the 
subject of the display influences the everyday lives of us all, 
and why Technology regards it important to further such de- 
velopments and to train men to continue the advance. It is 
this particular phase of Open House—close correlation of each 
exhibit with the Institute’s part in promoting such additions 
to human welfare—that gives to the occasion its value and its 
distinction. 

Opportunities in this most democratic activity, at present 
proposed as a bi-annual event, are most numerous in the 
planning and preparation of exhibits. Before us now is the 
problem of creating some representation of what is important 
in a particular department; on Open House Day the problem 
is explaining that representation so it will be readily under- 
stood. 

Each of the Professional Societies is co-operating with the 
Open House Committee, in order to make possible this exten- 
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sive program of exhibits; and for those courses in which no 
society has been organized, special committees have been es- 
tablished. These societies and committees will be the nuclei 
for developing a program in each department, and for pre- 
senting it to our guests on April 30. 

The importance, the purposes, and the functions of Open 
House are indicated by such an outline, but it is described by 
nothing so fragmentary. It is a challenge to improve upon 
previous attempts, not only in the field of public relations, 
but in the more difficult task of giving tangible expression to 
our ideal. And in the final analysis, it depends upon the entire 
student body, which is Technology. 


Frederick J. Kolb, Jr., Chairman 


Open House Committee 


SCIENCE IN THE COLLEGE 


ERE at Technology we never doubt the need of science 

in our education, for we were established by charter for 
the express purpose of “maintaining. . . a school of industrial 
science and aiding generally by suitable means the advance- 
ment, development, and practical applications of science. 
But at many other colleges the proper emphasis on science is 
a point of considerable speculation and debate. | would sug- 
gest three educational values of science which, severally and 
together, justify science as a part of any college curriculum 
and point the objectives toward which the educational proc- 
esses should be directed. 

First in importance I should put advancement of knowledge. 
This involves research in the higher stages and study in all 
stages of education. 

But to extol knowledge without exercise of critical judge- 
ment as to the relative values of different kinds of knowl- 
edge is folly. For, while we admit that all knowledge is de- 
sirable, as contrasted with ignorance, yet some categories of 
knowledge are so much less significant than others, that their 
pursuit may be the height of foolishness. To know, for 
example, the number of times in which 
each letter of the alphabet occurs in the 
King James version of the Bible is, ex- 
cept perhaps for a printer, of far less 
significance than to know the problems 
confronting our legislatures or the basic 
principles of electricity. 

Scientific knowledge has had enor- 
mous influence on man’s cultural and 
spiritual development,—in his attitude 
toward and his relation with his en- 
vironment. It has replaced ignorant 
superstition, in which men could be 
swayed by fears, with that security and 
confidence that arise from understand- 
ing. ‘“The truth has set men free.”’ 

But not only in the negative field of 
freeing men from superstitions and 
fears, whether attached to religions or 
otherwise, has scientific knowledge 
helped mankind spiritually; it has had 
the positive value of orienting him in his 

environment and showing him, in this 
environment, the marvelous order and 
coordination which pervades the infinite 
complexities of the world. In this way, 
science has a powerful cultural influence, 
if we are willing to accept the definition 
of culture‘as “sympathetic understand- 
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ing and appreciation of life.” 

Life has various aspects, emotional and intellectual. Music 
hath charms to soothe the savage breast. In literature we have 
access to the finest thoughts and feelings of mankind. All of 
these, and religion, have power to bring us a mystical uplift of 
feeling. All contribute to true culture. Likewise does science. 
It too expresses symmetry of form and relationship. It too re- 
quires imagination. It too interprets life. But in addition it 
possesses a power and exercises a type of discipline which is 
unique. 

So I would place the advancement of knowledge through 
science as the most important contribution of science in edu- 
cation, and I would place first the cultural rather than the 
utilitarian values of this knowledge. 

Second in importance, I would put the intellectual dis- 
ciplinary value of scientific study and investigation. 

I have always believed that training as a scientist implants 
in the student certain habits of careful and logical thought 


that tend to protect him against irrational or emotional action , 


and to improve his judgement and administrative procedures. 
If this be true, then a strenuous course in science would be 
good training not only for a future scientist, but also for a 
future business man or public official. 

The third educational value of science is its practical 
utility. The practical value of science has been accentuated by 
such factors as increasing competition and the necessity of 
using and conserving our natural resources more wisely. Con- 
sider the great problems before our nation today, and you will 
see that many of them are inherently dependent on science for 
solution. To be sure many issues are political, like the Supreme 
Court, or the Civil Service, or labor relations; others financial, 
like reciprocal tariffs, taxes, and stock market regulations. 
But there is a great group of problems such as employment; 
hours and wages of labor; conservation and utilization of 
national resources; protection against hazards of flood, fire, 
earthquake, wind, and drought; development of new uses for 
farm products; housing, health; and many others, all of which 
are fundamentally dependent on science for solution. 

It is important, for the welfare of the country, that our col- 

(Continued on page 227) 


—Courlesy American Organist. 
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COURSE VI Blind Landing Research 


HE problem of landing aircraft under conditions of poor 

visibility has become increasingly important since the 
development of the radio range beacons made blind flying as 
common as it is today. It is obviously foolish to fly a plane to 
its destination in the air if it is impossible to land it safely at 
the end of the trip. 

Ways for removing some of the dangers of blind landing 
are being sought by the Electrical Engineering Department, in 
cooperation with the Aeronautical Engineering Department, 
under a program sponsored by the Bureau of Air Commerce. 

There are, at present, several blind or instrument landing 
devices available. Perhaps the earliest successful radio system 
was the Bureau of Standards system, which was described in 
the Proceedings of the Institute of Radio Engineers for April, 
1931. Its principal feature was a curved glide path leading 
smoothly down to the runway of the airport. A radio beam 
was produced by a directive antenna system, and the path 
comprised a contour of constant field intensity in this radio 
beam. 

One object of the research program at the Institute is the 
production of a straight glide path. Another important object 
is a visual indicating device for the instrument board for 
translating the signals received at the plane into intelligence 
directing the pilot how to land his ship. 

The general idea upon which the instrument research is 
based is due to Mr. Metcalf of the Bureau of Air Commerce. 
It involves the use of three lights to locate the runway when 
visibility is good, and a facsimile of them reproduced on the 
instrument panel for use in bad weather landings. The replica 
on the instrument panel should be capable of operation by 
signals received from the ground; for example, by signals like 
those used in the present blind landing systems. 

The Institute research program on blind landing comprises: 
(1) development of an indicating instrument for use in air- 
planes in instrument landings, and (2) investigation of the 
feasibility of producing a straight glide path. This program is 
being carried on under the sponsorship of the Bureau of Air 
Commerce. The work is being supervised by Prof. E. L. 
Bowles in the Electrical Engineering Department, and 
Prof. C. S. Draper in Aeronautics. Prof. W. L. Barrow, Prof. 
Wm. M. Hall, Dr. John D. Trimmer, Frank D. Lewis, and 
Jackson H. Cook are engaged in the research. 


COURSE XI 


HORT circuiting is an hydraulic characteristic that is 

generally given too little attention by sanitary engineers 
in designing mixing tanks and settling basins for water and 
sewage treatment. Under the direction of Professor Camp, 
experiments on short circuiting have been conducted in the 
following units: (1) a miniature stirring tank of cubical shape 
with a motor driven adjustable paddle on a verticle shaft; 
(2) a miniature, horizontal flow, ‘‘round-the-end”’ baffled, 
mixing basin; and (3) a miniature, continuous horizontal flow, 
settling tank. The flowings through periods in these tanks 
were measured by the use of dyes and salt solutions. At low 
velocities, similar to those used in a settling tank, the high 
specific gravity of the salt solution causes it to settle and dis- 
turb the normal flow pattern in the tank. The criteria for 
measuring the short circuiting or the hydraulic efficiency of 
these basins is the ratio of the time for the initial appearance 
of the dye to the tank detention period, and the ratio of the 
time for the center of mass of the dye to pass through the tank 
to the tank detention period. Bagnulo and Knight obtained 
results for these two criteria of nearly zero and 0.75 respec- 
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tively in the stirring tank, and results of 0.75 and 0.96, 
respectively, in the “round-the-end” basin. The settling tank 
was even less efficient, giving figures of about 0.10 and 0.60, 
respectively. These experiments were performed by Professors 
Camp and Dobbins. Because of the lack of a predominating 
force, the flow patterns in the settling tank were very un- 
stable, and the results indicated that an increase in the 
Froude’s Number would increase the stability. 

Measurements of the flow in a lateral spillway channel (a 
channel with water flowing into it along its entire length) 
made by Carr and Thomas, and by Kass check the theoretical 
equation for the case having a flat bottom and parallel sides. 
From these results were also obtained values of Kutter’s fric- 
tion factor, n, which range from about 0.10 to about 0.40, 
depending upon the amount of turbulence. With some modifi- 
cations this type of channel is used for wash water gutters in 
rapid sand filtration plants, and for effluent channels in settling 
tanks. 

The filtration of water through sand has for many years 
been the object of meticulous study by Professor Camp. Kass 
has continued this work by investigating the effect of varying 
porosity upon the permeability of spherical shaped sand of 
uniform grain size. With porosities varying from 0.359 to 
(0.403, the permeability as given by the Fair-Hatch equation 
was found to vary by less than 24% per cent, which was 
probably less than the experimental error. Further determina- 
tions are to be made with a very angular sand of uniform grain 
size, and with non-uniform sands composed of both spherical 
and angular grains. 


COURSE XIX Age-Hardening of Metals 


HE problem of the age-hardening of metals still continues 

to fascinate the Physical Metallurgist. Since the discovery 
of this phenomenon in 1911, many alloys have achieved indus- 
trial importance because of the marked improvement in 
mechanical properties as a result of aging. For example, pure 
copper has a tensile strength of about 30,000 psi, but by 
adding two per cent of beryllium to the copper and then 
aging the alloy, the tensile strength may be increased to 
175,000 psi. The addition of four per cent of copper to alumi- 
num followed by an aging treatment will raise the tensile 
strength of the aluminum from 15,000 to 65,000 psi. It is now 
known that age-hardenable alloys contain solid solutions 
which can be retained at room temperature in a supersaturated 
form by quenching from an elevated temperature. Then, by 
aging the alloy either at or above room temperature, the un- 
stable solid solution slowly decomposes, and the physical 
properties change over a period of time. 

The mechanism of this aging process has been under in- 
vestigation in the Metallurgy Department for the past three 
years. The method of study has been to age various alloys at 
a number of temperatures for extended periods of time, and to 
observe carefully the changes in mechanical properties, den- 
sity, electrical resistance, lattice parameter, and microstruc- 
ture. From a study of aluminum-copper and silver-copper 
alloys, it appears that the aging is fundamentally a two-stage 
process, the hardness of the alloys increasing in two steps. 
In the first stage, the randomly distributed solute atoms in 
the quenched, supersaturated, solid solution diffuse into 
localized regions in preparation for the precipitation of 
crystallites of a second phase. During this process of nuclei 
formation, there is no change in the lattice parameter of the 
solid solution, but there is a marked increase in hardness (or 
tensile strength) and electrical resistance, presumably because 
of the lattice distortion effected by the segregations of solute 
atoms in the solvent lattice. If the aging is continued, pre- 
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cipitation of discrete particles occurs as indicated by the fact 
that the lattice parameter changes and the electrical resistance 
begins to decrease. At this point, the hardness becomes con- 
stant, or may even decrease; but as the precipitated particles 
grow in size on further aging, the hardness increases to higher 
values than previously attained. There is evidently a critical 
particle size which offers maximum resistance to plastic de- 
formation in view of the fact that the hardness passes through 
a maximum, and finally decreases as the particles become 
large enough to be resolved under the microscope. 

At the present time, both stages of the aging mechanism 
are being studied by measurement of magnetic properties and 
internal friction, and it is hoped that a more exact picture of 
the nuclei-formation and precipitation processes can be 
established. 


COURSE | 


ANY students have passed the Seismology laboratory in 

the basement, and, noting the sign stating, ““This Door 

must be Kept Locked at all times,” have probably wondered 

just what goes on behind those doors. There, Professor A. C. 

Ruge has been conducting extensive tests to develop first an 

elevated water tank that would resist the vibrations of a 

major earthquake, and secondly he is testing the accuracy of 

earthquake accelerometers. These investigations are being 

sponsored jointly by the Institute and the United States 
Coast and Geodetic Survey. 

To accurately simulate the motions of true earthquakes, 
Professor Ruge has designed a shaking table, whose motion 
can be determined by the curves of actual earthquakes. The 
motion is controlled by means of a light beam which follows 
a curve rotating on a disk. Half of this beam is cut by the 
outline of the curve, while the other half shines onto a photo- 
electric cell. If the amount of light striking the cell varies, a 
solenoid controlling an oil valve is actuated by an amplifier 
connected with the photo-cell. The oil passed by the valve 
moves the table hydraulically. On this table a specially con- 
structed tank model is placed, and during the shaking the 
stresses are measured by special apparatus. 

The importance of a supply of water during an earthquake 
is inestimable for protection against fires. Therefore, because 
municipal water supplies are often disrupted during severe 
tremors, it becomes exceedingly important to have a sure 
supply of water for a large plant. For this reason Professor 
Ruge has conducted his extensive tests on the model he de- 
signed. Instead of the usual static construction, this model 
has a system of damped shock absorbers in the joints. These 
joints allow some tension in the bracing, although the springs 
themselves are arranged in such a manner as to undergo com- 
pression rather than tension. The springs are initially put 
under a certain amount of compression, so that the tower will 
not respond to forces less than this compression. Thus, the 
tower is prevented from undesirable swaying caused by 
winds. Moreover, the joints are damped by friction, in order 
to prevent the building up of large vibrations resulting from 
resonance of the structure with the ground vibrations. The 
tests have shown that the construction of ordinary towers is 
usually inadequate to withstand the stresses caused by a 
severe tremor; whereas a properly equipped tower, as de- 
signed by Professor Ruge, has a safety factor of at least two 
over the standard structure of the same size. 

At present Professor Ruge is determining the results of a 
series of tests on an accelerometer of the type now in use for 
recording local earthquakes. There are about forty of these 
instruments in operation scattered throughout the western 
earthquake zone. Here again the motion is produced by the 
shaking table, on which is placed the accelerometer. The in- 
vestigation has several goals, of which the most important are 
(1) to determine the mechanical fidelity of the strong motion 
accelerometer; (2) to examine the degree of independence of 
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the components (Three different curves are drawn, one each 
for the forward, sideward, and vertical motions); (3) to de- 
termine the agreement between actual displacements and 
displacements obtained by integrating the acceleration curve 
twice; (4) to examine the possibility of using the differential 
analyzer for integrating the curves, and to compare the results 
with actual numerical integration. Professor Ruge is now 
plotting the curves as integrated on the analyzer, while the 
numerical results are being carried out in Washington. The 
table motion is known to neither of the two workers. Thus, 
when the results have been attained, they will be compared 
with the original motion, and in this manner it will be possible 
to accurately ascertain the four points mentioned above. As 
yet the full details of Professor Ruge’s investigations have not 
been completed, but results seem encouraging. In a future 
issue we hope to present a feature article by Professor Ruge 
who will go deeper into this interesting subject. 


COURSE XVI 


LIGHT studies of the dynamic characteristics of aircraft 

instruments are being carried out by the Aeronautical 
Instrument Laboratory staff. This work is being conducted 
by W. H. Cook and G. V. Schliestett under the supervision of 
Professor C. S. Draper, ’26. The investigations have been 
particularly concerned with errors inherent in magnetic com- 
passes, rate of climb meters, and airspeed meters when sub- 
jected to maneuvers necessary for ordinary navigation and 
blind flying of aircraft. The tests were made in a Ranger 
powered Fairchild 24, a plane that is well suited for the work, 
because there is sufficient space on the right of the pilot for 
the installation of the test instrument board. Moreover, there 
is ample room beside the rear seat for the mounting of a 
35 mm. moving picture camera to record the instrument 
performance. 

Theoretical analysis of many types of aircraft instruments 
have been available for some time. Laboratory checks with 
specially constructed apparatus have shown the theoretical 
results to be substantially correct, but flight data were lack- 
ing. The test installation included instruments which are but 
slightly affected by the maneuvers, their indications being 
used as a standard of comparison. In the flight during which 
the compass was tested, the instrument installation included 
a directional gyro for the indication of true azimuth, an artifi- 
cial horizon to indicate angle of bank, a stop watch, altimeter, 
and an airspeed meter. 

The typical aircraft magnetic compass only gives a true 
reading in straight and level flight. The direct cause of the 
error is the combination of the banking of the airplane and the 
vertical component of the earth’s magnetic field. The compass 
card, being very pendulous, banks with the airplane. There- 
fore, the projection of the vector of the field on the plane of 
the card will vary considerably from north, and may cause an 
error in the compass reading of as much as 180° in a steep 
bank. The flight maneuvers made to bring out this effect were 
a series of turns from north with various angles of bank. 

A similar program is now being carried out on several types 
of rate of climb meters. The maneuvers used range from 
abrupt climbs from level flight, to dives and pull-outs, and 
oscillations in a vertical plane of various periods and ampli- 
tudes. Even in moderate maneuvers the climb meters may 
be as much as 180° out of phase with the actual rate of climb. 
The sensitive altimeter will indicate accurately the altitude 
in any flight maneuver, and from this the true climb can be 
computed. 

The results of these flight tests are accurately recorded by 
the moving picture camera, and with this information the‘ 
theoretical analysis may be checked. The best method of 
attack for the improvement may then be seen from the 
mathematical factors involved, and each instrument can be 
changed to give the best possible dynamical performance. 
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INCANDESCENT LAMP 
REPLACES CARBON ARC 


AS an improvement over the widely used carbon arc method 
of microscopic illumination, an incandescent lamp has 
been recently introduced by the General Electric Co. 

Up to the present time, the carbon arc has been the only 
satisfactory method of illumination, but it had several dis- 
advantages. The most objectionable of these were the fumes 
given off by the arc, the time necessary to change carbons, the 
necessity of having heat filters, and the fluctuation of the 
light source. The new lamp, however, overcomes these diffi- 
culties, and at the same time gives a photographic efficiency 
much the same as the 110-volt carbon arc. 

Although it is designed much like the standard sun lamp, it 
differs from it by having one carbon button electrode and one 
tungsten wire ring. 

Under proper conditions, the lamp will last six to nine 
months, thus making it no more expensive than the carbon 
arc. 

—Meltal Progress 
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PERPETUAL FLAME 


HE enormous amount of heat energy which the sun pro- 

jects upon the surface of the earth has long been the 
stimulus for attempts to convert solar radiation into useful 
work. Especially in recent years, numerous devices utilizing 
various physical principles have been offered by their inven- 
tors as at least partial solutions to the problem. Many of the 
contrivances have been highly ingenious; few have been prac- 
ticable; certainly, none actually could be applied to meet the 
needs of a highly industrialized economic society. 

From Concord, California, however, came word recently 
that a little-known inventor, Mr. Otto H. Mohr, believes that 
he has found at last an applicable method for the conversion 
of solar energy. Mr. Mohr’s entire analysis is based upon a 
very few simple facts. He knew that there are approximately 
175 cubic feet of hydrogen gas in every gallon of water—a 
considerable potential source of energy. He recognized also 
that the hydrogen could be extracted by the electrolysis of 
water vapor. Sun-energy can easily be utilized to vaporize the 
liquid, and so the problem resolved itself into the practicable 
production of sufficient electric current, employing solar 
heat as the source. 

Mr. Mohr was led, almost inevitably, to the laws of thermo- 
electricity. If two dissimilar metals are coupled together, and 
one junction is heated while the other is cooled, a small electric 
current will flow in the circuit. Applying this principle, the 
inventor enclosed the upper ends of the thermocouples in a 
vacuum bulb and concentrated the sun’s rays upon them. The 
lower ends he cooled by attaching small metal fins exposed to 
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the air currents. The difference in temperature proved suffi- 
cient for the production of the electrolytic current. 

In order to make it possible for current to pass through the 
water vapor, the gas is first led through a chamber containing 
an activating agent. The thermoelectric current is then passed 
between the two electrodes in the water vapor. Oxygen sep- 
arates at one electrode, hydrogen at the other. At present, the 
oxygen is discarded, while the hydrogen is stored in a con- 
venient tank, from which it may be withdrawn to burn when 
needed. Thus Mr. Mohr has produced virtually a “perpetual” 
flame. 

—Refrigerating Engineering 


HYDRAULIC PRESS 


HE Douglas Aircraft Company has recently installed a 

5000-ton hydraulic press to shape and form parts for com- 
mercial transport planes. It is chiefly distinguished for its 
size, nine flat-cars being employed in shipment to the Douglas 
plant. Hydraulic power for the operation of the press is 
furnished by four H.P.M. radial pumps of the variable-re- 
versible-delivery type. These pumps, which are driven by two 
150-horsepower electric motors, supply oil under a pressure of 
2,500 pounds per square inch for the single six-foot diameter 
ram, giving a total pressing force of 10,000 
pounds. Regulation of the pump output 
provides control of the speed and direc- 
tion of the ram, although no valves are 
used in the transmission of power from the 
pumps to the ram. 


—American Machinist 


BOOSTER-COMPRESSOR 


NTIL recently, the Multoomah Hotel 
of Portland produced all its electric 
power and steam in its own plant. When 
the decision was made to purchase this 
power, difficulty was encountered in supply- 
ing the laundry and the clothes-pressing 
machine with high-pressure steam, since 
the utility company. could supply the gas 
only at a pressure of twelve pounds psi. In 
order to provide the needed 85 pounds of 
pressure, it was finally decided to employ a 
steam booster-compressor. 

This compressor is driven by a 100 
horsepower motor through seven V-belts. 
The unit, capable of compressing the de- 
livered steam to such pressure as is needed, 
is mounted on a concrete pier resting on the 
foundation mat of the building. The com- 
pressor is equipped with an automatic ad- 
justable unloader, which maintains con- 
stant steam pressure, saving about eighty- 
five percent of the current required under 
full load. As a precautionary measure, the 
unit has been overloaded a full twenty-five 
percent. 

~—-Electrical World 
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ELECTROSTATIC AIR CONDITIONING 


HAT the principle of electrostatic cleansing of air has 

a large scale practical value has now been demonstrated by 
the use of an electrical precipitation method in cleaning the 
air supply for the first four floors and lower arcade of the new 
Field Building in Chicago, Illinois. The precipitator used 
supplies more than sixteen million cubic feet of air per hour 
in an area where the annual dirt deposit from the atmosphere 
is said to average one thousand tons per square mile. 

Dust particles, so minute that they cannot be removed from 
the air by ordinary mechanical filtering, are readily with- 
drawn by means of electrostatic precipitation. In this process, 
the foreign particles are given an electrical charge as the air 
is drawn through a maze of grounded cylinders and fine wires, 
charged to a negative potential of twelve thousand volts, 
After being charged, the air is drawn through a series of al- 
ternatingly high potential and grounded plates, to which the 
charged particles adhere, leaving the clean air free to be sent 
through ducts to the area being served. 


Electrical Engineering 





























ALL-WELDED INDUSTRIAL PLANTS 


re is the keynote in the erection of the modern indus- 
trial plant for the Lincoln Electric Co. of Cleveland, 
Ohio. The building, an addition of 200,000 sq. ft. to the 
Electric Company’s original plant, is to be designed and con- 
structed in less than 100 days by the Austin Co. of Cleveland. 
The unparalleled speed of the construction will be accom- 
plished by advanced technique in design and welding. 

The principle innovation is the prefabrication of large parts 
of the building’s frame at the construction company’s plant, 
so that welding at the scene of operations is reduced to a 
minimum. As an example, the second floor of the building 
required 12,600 linear feet of welding, but only 4100 ft. were 
welded on site. 

Further innovations include the use of glass block through- 
out the plant for efficiency and attractiveness, the new “‘tree- 
form” columns, developed by Austin Engineers, which permit 
10 ft. aisles to be left throughout the 80,000 sq.. ft. sections, 
and the latest improvements in heating and ventilation. 

Welding Journal 


ELECTRICAL SHOTGUN 


HE electrical shotgun, as its name implies, shoots particles 

of electricity. It is used at present to break up atoms for 
research purposes, and is located at the East Pittsburgh re- 
search laboratory of the Westinghouse Electric and Manu- 
facturing Company. 

The one hundred-ton device stands sixty-five feet high atop 
a two story laboratory building and consists mainly of a pear- 
shaped dome of welded iron, into which dry air is pumped at 
a pressure of 120 pounds per square inch to serve as insula- 
tion. Nestled within the dome is a mushroom-like metal 
electrode, on which is stored a positive electrical charge 
ranging up to five million volts. 

Extending vertically downward into the laboratory from 
the electrode is a thirty foot porcelain vacuum tube, in which 
a series of electrical “‘lenses’’ focus the beam of high speed 
particles which emanates from the electrode. Starting from 
rest, the pellets attain a velocity about one hundredth the 
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speed of light at the bottom of the tube. 

The material to be bombarded is placed on a target the 
size Of a five-cent piece located outside the lower end of the 
tube, at which point thin windows permit the pellets to pass 
from the vacuum in the interior onto the target. 

The device has no direct commercial value, aiding industry 
only in the contributions brought about through research per- 
formed with it. Said a Westinghouse statement, “In the present 
state of our knowledge, available equipment, and experiment- 
ally determined efficiencies for nuclear reactions, it seems that 
hope of obtaining atomic or nuclear power, or of obtaining 
transmutations of one substance into another on a commercial 
scale, are practically excluded.” The reason for the extremely 
low yield may well be understood when it is realized that the 
order of efficiency of atomic bombardment is one hit in every 
ten particles. 

Scientific American 


ROCK TUNNEL METHODS 


HE Colorado River Aqueduct, which has been so greatly 

publicised the last few years, depends upon the construc- 
tion of ninety-two miles of tunnels through the Southern 
California Mountains. This tunnel and canal system, which is 
being built to furnish a water supply to nearly half the popu- 
lation of California, must have a capacity of sixteen hundred 
cu. ft. per second, or over a billion gallons a day, to serve its 
purpose. Because this water will be brought over such rugged 
landscape, it is to be expected that a large number of tunnels 
are necessary. Since there is so much of this type of work being 
done, it is also to be expected that some new methods are 
being employed. 

One of the chief problems of rock tunneling is the loading 
and removal of the rock after it has been blasted. This work is 
done by tunnel shovels which load the rock onto railway cars 
driven out of the tunnel by electric trains. Of course, the cars 
can not be driven past the tunnel shovel one at a time to be 
loaded, because the track ends there. It is necessary, then, to 
have a device which will enable the cars to pass each other, 
so that each one in turn can be taken up to the shovel. Such a 
device, called the California switch, is being tried out on this 
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project. It consists of a Jength of double track superimposed 
upon the main track, with a switch at each end, arranged so 
that it can be pulled forward to the proper distance from the 
shovel as the tunnel progresses. Another type of car-passer 
(called the “cherry picker’’) is a hoist which lifts the empty 
cars up so that the loaded cars can pass beneath. 

Blasting was a very highly developed art before the project 
was begun, so that there is not much new. Nearly all the 
tunnels on this project are driven by advancing a full face 
from one or more headings. The drilling is done by drills 
mounted on the “jumbo,” or a drill carriage, though hand 
drills are used to some extent in soft ground. The rounds differ 
under different conditions. Usually about forty holes from 
seven to ten feet deep compose a round. The holes are bored 
at an angle, in the form of a pyramid or a wedge, so that the 
force of the explosive will not be outward towards the moun- 
tain, but will be back towards the open tunnel. 

The method used in drilling and firing seems very scientific 
and practical. The holes near the edge are drilled straight in, 
while the holes nearer the center are drilled inward at an 
angle, so that the other ends of these holes come together in 
the center of the proposed tunnel. After the holes are stuffed 
with the explosive, they are wired so that the holes near the 
center, which are at the angle, will go off first, and because of 
their pyramid-like construction, the center rock comes out into 
the open tunnel, leaving room for the outside rock, which is 
blasted away from the edge a moment later. It is evident that 
if all the charges went off at the same time, they would 
neutralize each other. 

The explosive most commonly used was ammonia gelatin of 
forty per cent strength. It should be noted here that it took 
thirty pounds of this powerful explosive for each linear foot 
of tunnel. The average progress of a twenty-four hour day was 
fifteen feet. 

After excavation, the tunnel was lined throughout with con- 
crete to the average depth of six inches. In the softer rock, 
where braces were necessary, either steel arcs or twelve by 
twelve timbers were placed under the concrete. Pipes were 
laid behind the concrete and supports in order to drain off the 
leakage of the tunnel. 


—Ezplosives Engineer 
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LUBRICATING OIL ADDITIVES 


UBRICATION of Diesel Engines has become an in- 

creasingly important and troublesome factor in the 
Diesel field. The regular type lubricating oils do not stand up 
under prolonged use in Diesel Engines for several reasons: 
increases in peak-pressures where straight-mineral oil film 
breaks down, and, also, excessive high local temperatures 
are responsible for frequent overhauls due to stuck and worn 
pistons. 

To overcome this the Sinclair Refining Co. undertook a 
series of tests in order to develop a lubricating oil additive for 
use with Diesel Engines. 

The tests were run on a single cylinder “official’’ Cater- 
pillar Diesel Engine. This was the most logical engine to use, 
as it could be quickly taken down for inspection during a test 
and could also simulate field conditions in the laboratory. 

The first tests run used the present straight-mineral lubri- 
cating oils. They showed that oils of high paraffinity, and 
solvent treated oils break down at the operating temperature 
of these engines, which results in excessive carbon deposits. 
Other type oils are oxidized too quickly which eventually re- 
sults in an overhaul. These oils run about 500 hours on the 
average before the carbon deposits became excessive. 

As a result, these tests showed that an additive should have 
the following characteristics: (1) high film strength and 
wetting ability for piston seal, (2) resistance to cracking and 
ring sticking, and (3) anti-corrosion properties and freedom 
of gumming. 

Such a compound was developed by the Sinclair Company, 
and is known as C.P.S., a Tenol compound. When 1.33% of 
this substance was added to straight-mineral lubricating oil, 
runs of over 1000 hours were completed without the forma- 
tion of carbon or sludge. 

One change effected by this additive and others has been 
the return of Babbitt bearings for Diesel Engines. The present 
lead, bronze, high-lead, and cadmium bearings are corroded 
by these agents. 

The accompanying illustrations show the decided improve- 
ment brought about by the new additive. The piston at the 
right is almost entirely free from the carbon and sludge cling- 
ing to the one at the left. 
























































































FOREST PRODUCTS 
LABORATORIES 


(Continued from page 209) 


The effectiveness and relative cost of coal-tar creosote, zinc 
chloride, mercury salts, and a number of promising new pre- 
servatives are studied at the Laboratory, as well as in the 
field in the installations of railway ties, piling, poles, posts, and 
building timber. By applying fundamental studies of wood 
permeability and heat transference, preservative treatment 
has been extended to species not before successfully treated, 
and the treatment of the commoner species has been facili- 
tated. 

Fireproofing investigations stand high in potential im- 
portance. Laboratory research in this field extends over a 
wide range of chemical treatments and types of fire-resistive 
construction, equipment for the work including a panel 
furnace large enough to test full-sized house parts. Although 
highly effective fireproofing treatments are available, the need 
is to reduce costs in order to bring the benefits of fire-re- 
tardant wood within the reach of the average home-builder. 

The Laboratory is making definite contributions toward 
more lasting and satisfactory service of paints and other coat- 
ings on wood. The relative efficiencies of large numbers of 
moisture-retardants and varnishes have been determined. 
Exposure tests of painted panels in many test locations have 
demonstrated the relative paint-holding ability of the princi- 
pal commercial wood species, the usefulness of various primers, 
and the best procedure in repainting wooden structures. A 
thoroughgoing classification of house paints, backed by a wide 
range of tests, is under way, with indications that the present 
complexity of paint formulas may be greatly simplified, with 
benefits resulting in lower costs and better service. 

The Forest Products Laboratory’s studies of the gluing of 
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wood aim to facilitate the making of strong glue joints in 
woods requiring special precautions in gluing, as well as those 
considered easy to glue. The further development of glues and 
joint treatments which have high resistance to the deteriorat- 
ing influences that formerly operated against glued joints and 
plywood exposed in exterior locations, has been pursued. 
Recent chemical investigations indicate that non-shrinking 
qualities needed in many specialized uses of wood can be im- 
parted by the formation and deposit of synthetic resin com- 
pounds within the wood substance, so that its subcapillary 
structure is permanently bonded with a water-resistant ma- 
terial. 

Pulp and paper investigations of the Laboratory have for 
their purpose economical production, higher yield, and better 
pulp quality from our native woods, including those now little 
used or unused. Millions of tons of pulp and paper are im- 
ported annually into the United States to supplement waning 
supplies of eastern spruce, balsam fir, and hemlock, mainstays 
of the domestic industry, while other potential pulpwoods, 
available in quantity, are used wastefully or neglected. The 
alteration of these conditions would mean better returns to 
forest management through utilization of small trees and 
thinnings, profitable yields from lands now idle, and employ- 
ment for thousands of workers. 

Pulping experiments at the Laboratory recently have been 
directed, in large part, toward the increased use of second 
growth hardwoods in the Northeast and the Lake States, and 
to the use of southern pines and the logging wastes of Pacific 
Northwest species. 

Studies of the southern pines for newsprint have included 
both the frequently advocated combinations of groundwood 
and sulphite from low heartwood-bearing trees and also the 
substitution of semibleached sulphate for the sulphite in the 
newsprint furnish. This latter procedure permits a wider 
range of raw material use and reduces the possibilities of pitch 
troubles in manufacture. The pulping of southern hardwoods 
also offers possibilities for their use in newsprint, book and 
bond papers, and boards. All of these products have been 
made experimentally at the Laboratory, and the production 
of book paper and boards from southern hardwoods has been 
an active development for a number of years. 

Laboratory experiments on Pacific Northwest species for 
pulp have been stimulated by the knowledge that enough 
Douglas fir is left on the ground as logging waste each year to 
duplicate almost our entire pulp output from native sources. 
Experimental papers of good quality and strength have been 
obtained by special modifications of the sulphate and other 
processes. 

The Laboratory has largely completed extensive tests of 
the suitability of the commoner native woods for pulping in 
conventional application of standard processes. Concurrent 
with specialized studies ‘of the use of regional species, funda- 
mental studies are under way on bleaching, beating, refining, 
paper machine operations, salvaging of waste fiber and chemi- 
cals, and on the design and construction of papers to meet 
standard- and specialized-use requirements. 

(Continued on page 224) 
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SHOPPING BY MAIL 


(Continued from page 213) 


pany with other merchandise of all sorts and descriptions. 
Tom’s overalls, Linda’s shoes, Mrs. Smith’s dress goods, the 
potato masher, and hundreds of other articles destined for 
hundreds of other families slide down this chute in a seemingly 
endless stream. Anyone who has stood at night in New York’s 
Central Park or Chicago’s lake front and watched the thou- 
sands of lighted windows in the big hotels and apartment 
buildings, and has wondered at the thousands of human 
personalities which those lighted windows represent, cannot 
fail to be similarly impressed by the stream of merchandise 
which pours down this mail order chute. Shower curtains, 
corsets, Bibles, bath salts, blow torches—the needs they fill 
are myriad, and the list is inexhaustible. 

The chute leads to another conveyor. Several other sortings 
made at this time result in four of Smith’s five articles being 
placed in one basket at precisely 9:50. The mowing machine 
pole, you will remember, is sent direct to him from the factory. 
Packers adept in preparing various types of merchandise for 
safe shipment complete the job. The articles making up the 
Smith’s order do not offer a real problem to the packer, but 
uch strange combinations as lamp chimneys, cold steel 
whisels, face creams, and framed pictures must, when ordered 
by one customer, all be packed together in a manner to insure 
uafe delivery. The packer also keeps in mind that an unneces- 
sary use of packing materials is not only wasteful in itself, but 
causes extra postage. 

Again utilizing the conveyor belt, Smith’s wrapped package 
goes to a unit where it is weighed on government-tested postal 
scales, and where precanceled postage stamps are applied. 
Billing is completed; the customer’s original order and the 
recopied sheets become the invoice. The bills of the order are 
enclosed in the package, which is then sealed. The mail order 
routine has been completed, and the package is sent to a 
branch of the Boston Post Office, which is maintained by the 
Post. Office Department in a section adjacent to the Sears 
shipping room. The mail sacks hang on the sorting racks just 
as they do in any other post office in the country. The racks are 
“stripped” at frequent intervals, beginning at about two 
o'clock in the afternoon, in order to connect with certain 
trains. Henry Smith’s package, having been placed in a mail 
sack by Uncle Sam’s clerks, is dispatched for the first train 
out of Boston headed for lower New Hampshire. In order to 
give the best possible service, it is hauled to the depot in one 
of Sears’ own trucks operating under U. S. Post Office permits. 

In looking backward, we can’t help but conclude that this 
vast business was started with the right fundamentals. Our 
progress, built on these fundamentals, has kept pace with the 
times. For instance, our mail order schedule, of which we are 
so proud, was well-established before 1913, when the Parcel 
Post system was set up by Act of Congress. The introduction 
of the Parcel Post system exerted a tremendous influence on 
living habits throughout the country, especially in rural 
America. It also revolutionized the mail order business, but 
we were prepared for the drastic changes made necessary by 
the greatly increased daily volume. Today, impelled by a de- 
sire to render the best possible service, spurred on by competi- 
tion, we can demonstrate that the majority of orders mailed 
on Monday for shipment by Parcel Post from post offices 
within a 300-mile radius are delivered to our customers on 
Wednesday. 
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URING the past half-century, many of the 

important developments of Science have 
been furthered with the assistance of Cambridge 
instruments. Today, the name “Cambridge” is 
a familiar one in research laboratory, industry 
and medicine. 

The quality of workmanship and of materi- 
als employed in their construction and the dis- 
tinctive finish of metal and woodwork mark 
Cambridge instruments unmistakably. From a 
utilitarian standpoint it is these innumerable 
refinements in the smallest details that make 
Cambridge instruments accurate, dependable 
and long-lived. 

In the Cambridge workshop, precision is more 
than merely a word—it is a code of practice 
governing every detail, from purchase of ma- 
terials to shipment of a fine instrument. 
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FOREST PRODUCTS 
LABORATORIES 


(Continued from page 222) 


Wood is constituted principally of cellulose and lignin, with 
a relatively small amount of extractive materials. Although 
cellulose, at present, is the principal raw material of paper and 
many important textiles, there is ample room and need for 
further research in adapting wood cellulose to the require- 
ments of such products as rayon, lacquers, cellophane, photo- 
graphic films, gunpowder, and a long list of nitrate and acetate 
plastics. 

Lignin, also under intensive investigation at the Forest 
Products Laboratory, is even more in need of attack as a 
chemical problem. This material, forming a cementing bond 
or matrix around the cellulose fibers in wood, has been the 
subject of meagre investigation by industrial chemists, and it 
has been a waste and an obstacle in most of the chemical 
processing involving cellulose. Most hopeful indication for 
lignin, at present, is the development by the Forest Products 
Laboratory of a low-cost molding powder, utilizing the con- 
densing properties of lignin to form a true plastic from wood. 
The new material is suitable for possible use as floor tile, wall- 
board, switchboard panels, and similar articles. 

Fundamental to the general program of forestry and wood 
use is the problem of control of wood quality at its source. Its 
solution must be found in the conditions of tree growth, and at 
this point the research of the Forest Products Laboratory 
makes close contact with silvicultural experiments and prac- 
tices in the field. Understanding of the wood fiber as a me- 
chanically complex unit becomes useful knowledge when al- 
terations in fiber structure are accounted for. Wood grown 
under different natural conditions, or under conditions arti- 
ficially modified with respect to soil, moisture, and density of 
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timber growth is tested and compared to find the conditions 
which will produce the best type of wood for given uses. Al- 
though many years are required to grow trees of merchantable 
size, a change in growth conditions, particularly the removal 
of neighboring trees, drainage, or pruning, is reflected in the 
character of the annual growth rings subsequently formed, 
thus affording a ready means of comparing wood before and 
after the change was made, the other variables remaining un- 
changed. The resulting information can be beneficially applied 
to second-growth timber which is still in the formative stage. 
For instance, softwoods possess their most desirable properties 
when spaced moderately close, whereas the quality of hard- 
woods is sustained or improved when the timber growth is 
relatively sparse. 

Families, genera, and many individual species of wood may 
be identified as readily by cell and pore arrangement as by the 
botanical characteristics of the tree. The Forest Products 
Laboratory is carrying on studies to extend the scope of 
identification of this type, and a specialized service provided 
by the Laboratory in wood identification is widely used. 
About 3,000 samples per year are identified, sometimes in- 
volving important questions of use or suits-at-law. The de- 
tailed identification of the wood used in constructing the 
Lindbergh kidnapping ladder was accomplished in an exten- 
sion of this routine service. 

In another study involving tree environment as well as 
structural and biological characteristics, the Laboratory is 
conducting research on the response of the longleaf and slash 
pines of the South to chipping or wounding for the production 
of guni resin and turpentine. Field tests and microscopic ex- 
amination of wound tissues have shown the practicability of 
maintaining the flow of oleoresin (the basic natural exudate of 
resin and turpentine) by light. narrow chipping. No reduction 
in the average yield is involved, and the establishment of the 
conservative practice is having wide influence in securing a 
longer working life for turpentine stands, with greater returns 
per tree in both distilled products and wood. 

The results of Forest Products Laboratory research are 
made available to the public initially in reports issued from 
the Laboratory, and in articles in the trade and scientific 
journals. On completion, significant accomplishments are re- 
ported in the more formal publications issued by the Depart- 
ment of Agriculture through the Government Printing Office. 
Requests for general or specific information on Laboratory 
activities should be addressed to the Director, Forest Products 
Laboratory, Madison, Wisconsin. 


Dependable Service 


Swift Transportation 


VIA 


THE NEW ENGLAND GREYHOUND LINES, Inc. 





THE TECH ENGINEERING NEWS 





The toughness of steel at low tempera- 
tures is a vital factor in the performance 
of many different types of machines. 
Just for example, hundreds of motor 





vehicles must operate every winter at 
temperatures that make good sub-zero impact 
strength in highly stressed parts a necessity. 
Molybdenum steels, when properly heat-treated, 
have excellent impact properties at low temperatures. 
Investigation shows that they retain their toughness 
remarkably, even at temperatures as low as —90° F. 
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Consequently, Molybdenum steels offer great possi- 
bilities for the manufacturer of equipment that must 
work either continuously or intermittently at low tem- 
peratures. Advantage can be taken of their estab- 
lished price and fabricating economy, with perfect 
assurance of their performance. 

We will be glad to send detailed information on 
the low-temperature impact properties of several 
widely used Molybdenum steels to any one interested. 
Climax Molybdenum Company, 500 Fifth Avenue, 


New York City. 
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THE PLASTIC FLOW OF METALS 


(Continued from page 206) 


etching effect is due to a precipitation of iron nitride in the 
plastically deformed regions and this process is accelerated by 
giving the material a low temperature anneal at 200°C. 





Figure 6. Four-lipped drill section twisted and etched. 


Making use of such a reagent then, it is possible to deter- 
mine the plastic regions in a bar of any cross-section subjected 
to twisting moments at the ends. In order to accomplish this 
in the tests described herein, the following method was used. 
The bars were first twisted plastically, given a low temperature 
anneal at 200° C for 1 hour, cut in sections by saw cuts per- 
pendicular to the axis of the bar, and then submerged in the 
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etching reagent. It was found that periods of 10-15 minutes in 
etching reagent followed by repeated polishing on emery paper 
produced the best results with the material at hand. Bars of 
several different cross-sections were selected, most of which 
had not been investigated in this manner previous to these 
experiments. The results of these etchings which were made 
by J. A. Hrones are shown in Figs. 2 to 6. Fig. 2 shows the 
formation of the flow layers in a splined shaft, indicating that 
the first yielding probably occurred at the center of each 
groove since the flow layers are the longest for these points. 
It will be remembered that the black portions represent the 
plastically deformed regions with the remaining portions of 
the cross-section still elastic. Fig. 4 shows a shaft with two 
shallow rectangular keyways. Here again the flow layers are 
perhaps further developed from the bottoms of the keyways. 
In contrast to the case of Fig. 2, however, all flow layers 
emanating from the keyways are of comparable size. In Figs. 
5 and 6 are shown cross-sections representing double-fluted 
and four-lipped drills which have been twisted until they be- 
gan to yield plastically. In each case, the flow layers proceed 
perpendicularly from the boundary. They are the longest near 
the convex sides of the drill in the case of the double-fluted 
section, indicating that perhaps yielding may have started at 
these points. It is obvious, though, that yielding began on the 
concave portions of the boundary for the four-lipped drill 
section. 

Various other plastic flow problems of a somewhat similar 
nature have been investigated recently at the Institute. In 
addition to the above, an extensive investigation was recently 
carried through with regard to the reduction in area-relations 
found in the tensile test. From these experiments it was pos- 
sible to derive a new law relating the true reduction in area 
and the average true stress in the material within the necking- 
down region of the tensile test. When a test bar of a polycry- 
stalline metal is stressed above the yield point, the cross-sec- 
tional area naturally diminishes as the stress increases and 
does this in a uniform manner along the length of the bar. This 
process does not continue indefinitely, however, as the load 
applied reaches a maximum value and then begins to de- 
crease until fracture occurs. This is accompanied by a pulling- 
together or a so-called necking-down of the test bar. The ulti- 
mate strength is obtained by dividing the maximum load by 
the original area of the cross-section, while the breaking 
strength is calculated by dividing the final breaking load by 
the actual area present at fracture. The tests carried through 
in this connection served to provide a means of calculating the 
breaking strength from the ultimate strength or vice versa. At 
present, several other research projects are under way in this 
field at the Institute. The above problems will, however, tend 
to indicate the type of questions which are being investigated 
along this line of work. 
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EDITORIALS 


(Continued from page 215) 


leges prepare young men and women with a training in science 
which will make them competent to contribute effectively to 
the solution of these problems. It is equally important that 
the rank and file of our population, and especially our future 
political leaders, be given a sufficient understanding of science 
to enable them to appreciate what science can do and what 
conditions are prerequisite to its effective operation. 

In this altogether inadequate fashion, I have tried to express 
certain thoughts on science and on education. Science has a 
valuable part in education, because it creates knowledge, dis- 
ciplines the mind, and has great utility. You may study it 
from a sense of duty, because of these three values, or you 
may study for fun. I suspect the latter is the real motive 
power and the former is the excuse behind most real scientists. 
But, however it is viewed, science seems destined to occupy an 
increasingly significant place in our educational system. 
Through it, some will be enabled to add directly to our under- 
standing of the world and to our comfort in living. Its students 
will be better trained to view situations objectively, to draw 
rational conclusions from observed fact, to plan an intelligent 
course in the light of these facts and conclusions, and thereby 
to be safer citizens in our self-regulating society—our de- 
mocracy. 

Karl T. Compton, President 
Massachusetts Institute of Technology. 


NEW FACES 

IME marches on! and change, which marches hand in 

hand with time, is, indeed, the one thing which makes life 
bearable for many people. So it is with a college magazine— 
new faces and new ideas continually appear on the horizon, 
come to the foreground, and replace the old. With this issue 
the Managing Board of Volume XVIII turns over control of 
the magazine to the new Board of Volume XIX. 

It is with pleasure that we announce the following elections 
to the Managing Board for Volume XIX: Will B. Jamison, °39, 
General Manager; Robert V. Smith, °39, Editor-in-Chief; 
Paul B. M. Farwell, ’39, Business Manager; Jack H. Schaum, 
40, and Norman L. Laschever, ’40, Associate Editors; John 
G. Leschen, ’40, Managing Editor; Eugene E. Crawford, ’41, 
Art Editor; Eugene S. West, °40, Circulation Manager; 
Samuel P. Card, ’40, Advertising Manager; Oliver H. Fulton, 
40, Publicity Manager; Gordon A. Fairbairn, ’40, Treasurer; 
and James S. Rumsey, ’40, Personnel Manager. 

The Editorial Board will be composed of Lester Lees, *40, 
and R. Dixon Speas, ’39, Contributing Editors; R. W. Blake, 
41; J. W. Follin, 41; E. H. Hustvedt, 41; W. Morton, °41; 
J. W. Mullen, ’41; D. D. Scarff, ’41; C. M. Stewart, 41; 
J. Van Riper, ’41; K. Atwater, 41; R. A. Markey, ’41; and G. 
Vineyard, “41. 

The Business Board will be composed of H. N. Cottle, ’40, 
Associate Circulation Manager; T. C. Campbell, ’41; C. M. 
Hasert, ’41; L. Wilson, ’41; H. J. Heimer, ’41; J. B. Murdock, 
"41; C. L. Hall, 41; W. Unger, 41; and W. J. Myers, ’41. 
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OKONITE insylation with an unsurpassed record 
since 1878 is still generally recognized as the 


acme of perfection for rubber insulations and as 
“the best product possible” of its type. 

The Okonite Company and its affiliates, how- 
ever, have constantly kept step with the ad- 
vances of the electric art. 


Whether the wire or cable is large or, small, 
single or multiple conductor, high or low volt- 
age, whether finished with a rubber or a syn- 
thetic compound jacket, braid, lead sheath or 
armor of any type, Okonite can make it. 


In all cases, whether the correct solution calls 
for rubber, impregnated paper, varnished cam- 
bric, asbestos, glass or the newer synthetic 
compounds, the policy still is and will continue 
to be the best product possible. 


NL: OKONITE COMPANY 4 


Founded 1878 “ 


Filia, 
\ 


HAZARD INSULATED WIRE WORKS DIVISION 


THE OKONITE-CALLENDER CABLE COMPANY, INC. 


EXECUTIVE OFFICE FACTORIES 
PASSAIC TT Passaic, N. J. + Paterson, N. J 
New Jersey Wilkes-Barre, Pa 


RADIO 


COMPONENTS AND ACCESSORIES 
TUBES OF ALL TYPES 


Speedy and Courteous Service 


New England Distributors for 


Aerovox Mallory-Yaxley 
Hammarlund National 
International Resist. R. CA. 
Thordarson Jensen Speakers 


Presto Recorders and Discs, ete. 


Inquiries solicited 


H. JAPPE COMPANY 
46 Cornhill, Boston, Mass. 
LAF. 0510-0511 
Worcester, Mass. Dover, N. H. 


When you want your car serviced by men who know how, coupled with the proper equipment, 
you will make no mistake in bringing it to us. 


For years we have been rendering service to both members of the faculty and students at M.I. T. 


Located near by at 306 Massachusetts Avenue. 


We have live storage facilities for a limited number of cars for any who are interested. 


RYAN & McMATH CO. KIRkland 2020 306 Mass. Ave. 


JANUARY, 1938 
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Trade-Mark Registered U.S. Patent Office 


Made of extra quality cotton yarn, carefully inspected, and guaranteed free from all imperfections of braid or finish. 


The colored spots are our trade-mark, used only with this quality. 
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We make braided oord of all sizes, kinds, and colors for all purposes, including sash cord, clothes lines, trolley cord, signal cord, are 
lamp cord, and many special cords for special purposes; alse cotton twines. 

CATALOGUE AND SAMPLES GLADLY SENT ON REQUEST 
89 Broad Street, Boston 9, Mass. 
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“Can 1t be done?” 





..-here g is the 
Western Electric 


answer! 


Several years ago the question was raised: “Has the limit been 





reached in the speed of drawing copper wire?” 

Western Electric engineers, assigned to find the answer, developed 
new methods and machines that did it three times faster. With 
further study, they surpassed even this record—twelve times the 
original speed! And the product is lower in cost, higher in quality! 
Aiming always for this goal—better and more economical equip- 


ment for the Bell System—Western Electric engineers continue to 


develop the art of manufacture. 


Manufacturing Plants at Chicago, Ill., Kearny, N. J., and Baltimore, Md. 
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NETWORK ANALYZER 

ITH the aim of aiding public utilities in laying 

out power systems, R. N. Slinger, Oregon State 
°26, R. G. Lorraine, U. of Colorado ’27, and H. P. 
Kuehni, Eidgen Technische Hochschule ’20, Zurich, 
Switzerland, Union ’29, spent more than a year in 
designing and constructing an alternating-current 
network analyzer. The apparatus is so arranged that 
any distribution circuit in the country may be 
simulated merely by plugging various impedance 
units and power sources from the plugging cabinets 





and reading the results on the master instrument 
panel. 


The a-c analyzer, a miniature power system, pro- 
vides General Electric engineers with an advanced 
tool for system analysis and is made available to 
utility operating companies for their individual 
problems. Speed and accuracy of calculations are 
the two main advantages of the analyzer, and any 
experienced operator can, in two or three days, solve 
network problems which would take months to 
work out using other methods. 








LOOKING THROUGH A BRICK WALL 
OOKING through a brick wall would not be a 


practical use for the G-E industrial x-ray ma- 
chine, but it would be less difficult than the tasks to 
which it is put every day. Developed for use in 
factories where expensive castings and machined 


parts must be inspected, the x-ray permits inspec- 
tion for flaws in castings and welds without damage 
to the article under observation. 


The industrial x-ray machine is, in reality, an en- 
largement of the familiar machine used by doctors 
and dentists. Mounted on a dolly, or suspended 
from a hand crane, the machine is easily trans- 
ported from one job to another and can be quickly 
set up for the inspection, saving time and money 
and assuring the customer of a perfect casting or 
welded seam. 


Developments such as this are being made by 
college graduates who were at one time “on Test.” 
Many of them have been off the college campus but 
a few years and are entering a career in one of the 
many engineering and business fields in the General 
Electric Company. 





RUBBER RAILROAD RAILS 


N?: the railroad companies have not started to use 
rubber rails, but the new welded steel rails that 
are a mile in length have many of the characteristics 
which rubber rails probably would have. Developed 
after research and experimental work by the Dela- 
ware and Hudson Railroad, Sperry Products Com- 
pany, and General Electric Company, the welding 
which makes possible these mile-long rails introduces 
flash butt welding of the preheated ends of regular- 
length rails to form one long continuous rail. 


When these rails are loaded on flatcars, they bend 
easily around the sharpest curves as they are carried 
to the spot where they are to be laid. In addition 
to their flexibility, the rails are remarkably quiet. 
No longer will there be the continual bump and 
clatter of wheels over worn and gaping rail joints 
to disturb sleeping passengers. To reduce the noise 
even more, the rails are laid so that there will be no 
two parallel joints. 


The flexibility and smoothness of the new rails 
reduce the wear and tear on the rolling stock, so 
that the initial expenditure for the rails will be 
compensated by the saving on maintenance. 
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